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PREFACE. 



The object of this little work is to fumisji an 
elementary course of instruction in the use of 
the Microscope^ and on its application to the ex- 
amination of the structure of plants and animals. 
Assuming that the reader has had no previous 
acquaintance with the Microscope, or with the 
study of natural history, I have attempted to tender 
the descriptions of the objects as simple as possible. 
At the same time, the technical terms have been 
added and explained, in order gradually to render 
them familiar to the reader, and thus facilitate 
the fixture study of larger and more detailed works. 
The objects figured and described comprise the prin- 
cipal structures and more minute forms of both 
the vegetable and the animal kingdom, those having 
been selected which are common and readily pro- 
curable. 

A chapter has been given upon the optical prin- 
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ciples on which the action of the instrument depends 
(which will assist the reader to understand the opera- 
tion of its constituent parts), including a sketch of 
the subject of polarized light. The order in which 
the subjects are treated is scientific, and particular 
directions have been given for the examination of 
the objects. 

The small size of the work has necessitated the 
exclusion of figurative descriptions, so that it is 
adapted rather for a worker than a reader ; at the same 
time, the matter forms a course, and must be taken 
as a whole for the proper comprehension of the sub- 
jects. The technical terms used are referred to in 
the Index, so as to furnish to some extent a glossary 
of terms; and their derivation is given, to facilitate 
their recollection. The figures, with very few excep- 
tions, are drawn from nature, and are coloured that 
the objects may be more easily recognized. The 
magnifying powers under which they have been drawn 
are denoted by a small number placed beneath each 
figure : and the particular attention of the reader is 
requested to this point ; otherwise the whole subject 
will be utterly confused ; so much does the appearance 
of objects vary under diflferent powers. 

Directions are given for preparing and mounting 
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objects^ implying that the reader will collect specimens 
for himself^ which is to be strongly recommended as 
the best method of acquiring a practical and useful 
acquaintance with the objects. These will serve to 
furnish permanent landmarks in the great ocean of 
structural forms, will probably recall in after-years 
pleasant recollections of early excursions in search 
of the beauties of nature, and, surely, deepen the 
conviction of the existence of their All-wise Creator. 

J. W. G. 
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Vegetable Tissues^ &c. 



Fig. 

1. Leaf of Geranium : cells, chloro- 

phyll, and intercellular pas- 
sages. 

2. Cells of Apple. 

3. Starch-granules: o, of Wheat; 

by of Arrowroot; c, of Potato; 

d, of Oat; e, of Lentil ;^, of Rice. 

4 Cells of Potato, containing Starch. 

5. Grarden Bhubarb-stalk : a, ra- 

phides; 6, reticulated duct; c, spi- 
ral vessel ; d, woody fibre ; c, an- 
nular yessel. 

6. Wood-cells from stem of Chrys- 

anthemum. 

7. Deal, transverse section : a, glan- 

dular tissue ; b, woody fibre. 

8. Deal, longitudinal (radial) sec- 

tion of glandular tissue. 

9. Deal, longitudinalsection of woody 

fibre. 

10. Deal, tangential section. 

11. Holly, wood of: a, porous cells; 

b, o, e, wood-cells ; c, dotted ducts. 

12. Hairs, vegetable : a, b, of Ground- 

sel ; c, of London Pride ; d, e, of 
Geranium; /, of Chrysanthe- 
mum. 
18. Epidermis of Geranium-leaf. 
14 Style of Crocus, with pollen-gra- 
nule and -tubs. 
16. Pollen-grain of Crocus, with pol- 
^ len-tube. 

• IG. Pollen of Primrose. 
j 17. Pollen of Sunflower. 
I 18b Pollen of Convolvulus major, 
\ 10. Caraway-seed. 

» Needle-point. 
Sting of Nettle. 
^ 22. Hair of Spiderwort 
88. Hair of Spiderworti single celL 



Fig. 

24 Epidermis of Geranium-petaL 

25. Petal of Chickweed. 

26. Sepal of Chickweed. 

27. Seed of Poppy. 

28. Epidermis of Deuteia. 

29. Seed of M^nonette. 

30. PoUen of Chickweed, dry. 

31. Pollen of Chickweed, in water. 

32. Flower of Chickweed. 

33. Epidermis of petal of Chickweed. 

34. Hairs of calyx of Chickweed. 

35. Hairs of seed of CoUomia, 

36. Stem of Dicoiyledon, section of. 

37. Stem of Monocotyledon, section o£ 

38. Seed of Shepherd's Purse, trans- 

verse section. 

39. Stamen of Chickweed. 

40. Stigma of Chickweed. 

41. Ovary of Chickweed. 

42. Leaf of Chickweed. 

43. Seed of Wallflower, section o£ 

44. Seed of Wallflower, nulicle and 

cotyledons. 

45. Embryo-sac of Chickweed. 

46. Embryo-sac of Chickweed. 

47. Embryo-sac of Chickweed. 

48. Wheat, cotyledon and leaves of, 

section. 

49. Mustard-seed, cotyledons and ra- 

dicle. 

50. Mustard-seed, transverse section. 

51. Chickweed, seed o£ 

52. Seed of JSccremocarpus scaber, 

53. Grain of Wheat : a, cotyledon ; 

b, embryo ; c, radicle $ d, albu* 
men. 

54. Ovule of Wallflower. 

65. Cotyledons of Chickweed. 

66. Plum-stone, section o£ 



I 



A 
TEXT-BOOK 



OP 



THE MICROSCOPE. 



CHAPTER L 

THE MICROSCOPE* 

The microscope (from fiiKpb^y little, and a-Kowia>, to 
see), so called because it enables us to see objects 
which are too small to be seen with the naked eye, 
consists of several parts, each of which has its special 
use. As the proper management of these is of great 
importance in the successful application of the in- 
strument to minute investigations, we shall com- 
mence with the consideration of their names and 
uses, including those of the more important pieces of 
accessory apparatus. 

Microscope, — ^The foot of the microscope is that 
part which supports the instrument upon the table ; 
it is connected above with the stand, of which it is 
often considered a part. The stand sometimes con- 
sists of a single rod or pillar ; but in the best micro- 
scopes it is composed of two upright plates, between 
which, at the upper part, the rest of the microscope 
swings stiflSy upon an axle. Arising from this axle, 
indirectly through the medium of parts which require 
no special mention, is an arm, to which the body is 

B 



X THE MICROSCOPS. 

fixed. The body is moveable up and down by one 
or two large milled heads, connected with a grooved 
rod or pinion, which works in the teeth of a rack 
fixed to the back of the body, or of tbe arm whidi 
supports the body. The large milled heads form the 
'^ coarse movement/' as it is called. 

On the top of the arm^ or on the firont and lower 
part of the body of the microscope, is placed the 
'' fine movement,'^ consisting of a small milled head, 
with a fine screw, for moving the body through very 
small distances. 

Next is the ^^ stage,'* or flat plate, upon which ihe 
objects to be viewed are placed. This is often so 
arranged that, by turning two milled heads^ the ob- 
ject can be moved backwards and forwards, or from 
side to side ; it is then a ^' moveable stage.'' 

The eye-piece slides into the upper end of the 
body ; and the object-glass screws into its lower end. 

Beneath the stage is the mirror, which reflects 
the light through the object, the object-glass, and eye- 
piece to the eye. 

Object-glasses, — The object-glasses are the most 
valuable parts of the instrument. There are gene- 
rally three or more of them ; and, by means of an 
^' adapter," any object-glass can be made to fit any 
microscope. Great care is required in their use, 
especially to avoid scratching the lower surface of 
the glass, which is sometimes accidentally done by 
pressing the surface against any hard body, or allow- 
ing such a body to fall upon it. When not in use, the 
object-glasses should eitJier be put away in the brass 
boxes or covered with a small bell-glass, to prevent 
their receiving any injury. 

The object-glasses possess various magnifying 
powers, according to the distance at which they re- 
quire to be placed from the object for distinct vision : 
this is not, however, absolutely correct, yet may 
^terve as a general expression. Thus we have a 
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1-inch, J-inch, |-inch object-glass, &c. The object- 
glasses, for brevity, are often called powers. 

As a beginner may at first have some difficulty in 
distinguishing a high from a low power, it may be 
remarked that the si^ of the lower glass is larger 
the lower the power : but, in the case of the better 
object-glasses, the focal distance is engraved on the 
box in which the object-glass is packed when put 
away. 

As the coarse movement raises or depresses the 
body and object-glass through comparatively large 
distances, it must be used only with the lower object- 
glasses, i. e, those of low or little magnifying power, 
as the 2-inch, 1-inch, or |-inch, or to bring the 
object-glass near the focal distance with the higher 
powers ; whereas the fine movement serves to adjust 
the higher powers, as the ^-inch, &c. 

If the object-glasses should become soiled on the 
lower face, this should be wiped very gently with an 
old silk handkerchief or piece of very soft wash- 
leather, previously shaken to displace dust. The 
same method will answer to cleanse the upper surface 
of the eye-piece. 

Great care must be taken that a slide which has 
been warmed in any experiment be not placed near 
the object-glass until quite cold. 

Mirror. — The mirror has sometimes one silvered 
face only, at others two— one flat, the other concave. 
The flat surface is used to reflect the light upon the 
object when the light is too great with the concave 
surface. 

Beneath the stage, in most microscopes, is a cir- 
cular moveable " cUaphragm,^^ perforated with holes 
of various sizes, to sdlow more or less of the light 
reflected by the mirror to pass through, as may be 
required. 

When opake objects are viewed, the mirror should 
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be turned aside, so aa not to reflect anyligbt tbrongli 
the stage. 

Eye-pieces. — With all microscopes, two or more 
eye-pieces are supplied. These possess different mag- 
nilymg powers, and are lettered or numbered acconl- 
ingly ; the lowest power with the earliest letters of 
the alphabet, or with the smallest numbers, thus: 
A, B, C; orl, 2, 3, &c. 

Forceps. — Tliese are fine pincers, for holding mi- 
nute bodies to be viewed as opake objects. In use, 
they are inserted by a stem connected with a joint, in 
an aperture, generally in the stage ; and are moveable 
in all directions. 

Live-box. — This is a brass slide, perforated in the 
middle, to the aperture in which is soldered a short 
piece of brass tube, closed at the top witli a circular 
plate of thin glass. A rather wider and longer piece 
of brass tube slides over the former; this is also 
closed at the top by a thin glass plate, bo as to allow 
of an object being confined or compressed between 
the two glass plates. It is used for examining living 
objects in water. 

Knife, fifC. — For cutting slices or sections of ob- 
jects, a very sharp knife with a thin back will be 
found useful ; or a razor may be used for the same 
purpose. And for picking minute objects to pieces, 
or dissection, fine needles, cut off short with pliers, 
the blunt ends being thruat into hair-pencil sticks, 
will be requisite. 

A pair of fine surgical forceps will also be required^ 
for taking up minute objects. These should be with- 
out teeth, and the spring-action so weak that the 
points can be very easily approximated. 

Dipping-tubes. — For removing minute objects from 
water, two or three narrow glass tubes, of different 
lengths, are very usefid. These are called "dipping 
tubes," and are used thus ; — the tube being held up- 
right between the second finger and the thumb, the 
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fore filler is placed at the top of the tube to close it; 
the tube is then put into the water until the lower 
end is close to the object, when, on suddenly re- 
moving the fore finger, the water will rise in the 
tube, carrying the object with it. The fore finger is 
then again applied to the tube, and, as thus held, the 
water will not run out. The tub© is then helff over a 
watch-glass, or a slide, upon which the water and 
object will fall on removing the fore finger. 

A small glass spirit-lamp will be found very usefiil. 
The spirit for burning should be methylated alcohol, 
or wood-naphtha. As these spirits are inflammable, 
great care should be taken to keep the stock-bottle 
away from a candle or other flame, when filling the 
lamp. 

Achromatic condenser, — ^A very important piece of 
apparatus, when high powers are used, is the achro- 
matic condenser ; it is not, however, usually supplied 
with the cheaper microscopes. It consists of a brass 
fitting, placed beneath the stage, into which an ob- 
ject-glass is screwed, in an inverted position, i. e, the 
small end of the object-glass being placed uppermost. 
It serves to condense the light to a fo6us upon the 
object, so as to illuminate it more brightly ; and as it 
can be elevated or depressed by a milled head and 
rack-work, the object can be viewed by either con- 
verging or diverging rays. 

Sim^e microscope. — For examining the larger 
kinds of objects, and for dissection, a simple micro- 
scope is very useful. This consists of a stand, a 
stage, and an arm supporting a simple lens or com- 
bination of lenses, but without the body of the com- 
pound microscope (as the ordinary microscope is 
distinctively called). For most purposes, common 
plano-convex or doubly convex lenses are sufficient 
to form the object-glasses of a simple microscope. 
With the best microscopes, an " erector,^' or tube 
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6 THE MICROSCOPE. 

containing a pair of lenses, fitted within the body, 
renders the compound microscope capable of an- 
swering most of tlie purposes of a simple micro- 
scope. 

Polariscope. — An expensive but interesting and 
uaefid addition to a microscope is a polarizing appa- 
ratus, or polariscope. This consista of a Nicol's prism, 
or a plate of tourmaline, placed beneath the stage, and 
another in the body of the microscope or above the 
eye-piece; both in brass fittings. The former is 
called the polarizer, and the latter the analyzer. 

Rotating disk. — Another most useful piece of ap- 
paratus, for moving opake objects whilst under the 
microscope, in all directions, is Smith and Beck's 
" rotating disk." 

Slides. — Tlie slides upon which objects, especially 
those to be viewed as transpareut objects, are to be 
placed, should be made of crown or plate glass 
They are usually 3 inches long, and 1 inch wide, 
but 1 prefer them 2^ inches long, and 1 inch wid^ 
eimply because they take up less room in a cabinet, 
and because they do not project beyond the stage on 
either side. They should not be more than ^th of 
an inch thick, and as colourless and clear as possible. 
The edges should be ground or filed, to prevent their 
scratching the stage. 

Covers. — The covers are square pieces of very thin 
glass, less in breadth than the slicles, so as not to 
reach their margins; and of various thicknesses, the 
thicker and stronger being used to cover large ob- 
jects for examination under the lower powers, and 
the thinner serving to cover very delicate objects 
requiring the higher powers. 

Side condenser. — for illuminating opake objects, 
a large plano-convex or doubly convex "bull's-eye" 
lens, or side condenser, is used ; this is fixed to an 
arm, which shdes on a stand, so as to be capable of 
being raised or lowered to a suitable height. This 
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is placed between the source of light and the stage^ 
and at such a distance from the latter that the light 
may be brought to a focus upon the object. Some- 
times a " Lieberkuhn '^ or concave silver reflector is 
used for this purpose. 

These are the most important pieces of apparatus 
required in examining microscopic bodies. But the 
beginner will do well, if he have the achromatic con- 
denser and the polarizing apparatus, to lay these 
aside until he has had considerable practice in ex- 
amining objects simply with the mirror and the lower 
powers. 

General method of observation, — In the ordinary 
use of the microscope, the object to be examined is 
laid upon the middle of a slide, which is placed upon 
the stage. The object is then brought under the 
centre of the object-glass, the mirror inclined half 
towards the light and half towards the object, until 
the object is seen to be illuminated, when, upon look- 
ing through the eye-piece and adjusting the coarse 
and fine movements, the object as it comes into focus 
wiU be seen, as it were, drawn upon a white disk, 
which is called the " field/^ 

When the object is wet, it cannot be viewed with- 
out the application of a cover, because the water eva- 
porates and condenses upon the under surface of the 
object-glass. 

To avoid the danger of injuring the object-glass, or 
crushing the object by lowering the body and object- 
glass too much in adjustment to focus, the best plan 
is to lower the body by means of the coarse move- 
ment until the object-glass appears near the object to 
the eye placed on one side of the stage, and then to 
apply the eye to the eye-piece, and turn the milled 
head so as to raise the body and object-glass until 
the object is brought into focus. 

In the examination of an object, it is best to begin 
, with a low jpower, so as to obtain a view of the 
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general arrangement of its parts, and then to apply 

the liigher eye-pieces and powers, so that the more 
minute structural details may be observed. 

Hiumination. — The illumination or proper manage- 
naent of the light in using the microscope is of very 
great importance. The best light, espeeiallj with the 
low powers, is daylight, particularly that reflected 
from white clouds ; this is least injurious to the eyes. 
But as daylight cannot always be used for micro- 
scopic investigations, and as cloud-light is insufficient 
Tvith the higher powers, some kind of artificial light 
must be supplied. That mostly used is the light of 
a reading oil lamp or of a gaa-bumer, a candle 
being quite useless, on account of the flickering of the 
flame with the slightest draught. A moderator lamp 
has the defect of too great height; otherwise this 
would be better than any other oil lamp. A power- 
fid and excellent light for the highest powers ia 
aflbrded by a short paraf&ue-oil lamp. 

As intently looking at strongly illuminated objects 
is injurious to the sight, theamountoflight allowed to 
pass the diaphragm should be no more than is agree- 
able, and sufficient to show the object distinctly. 

In using the higher powers, the field is much less 
bright with the use of the same light than in the case 
of the lower powers ; and difficulty is often found in 
obtaining sufficient light for the distinct vision of the 
object. The acliromatic condenser is of most im- 
portant service here ; but it is sometimes requisite, 
even when this is \ised,.to condense the light upon 
the mirror by a shallow bull's-eye ; or a large common 
metallic reflector may be used for the same purpose. 

The most convenient manner of proceeding in re- 
gard to the use of the individual eyes is to apply the 
left eye to the eye-piece, -so that the right eye may 
be used in finding the stage -movements, or in moring 
the slide, without removing the eye from the eye- 
piece. If this arrangement be adopted, the light 
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should be placed towards the left-hand side of the 
microscope. But the best way to avoid injuring the 
sight would be to use both eyes for viewing the 
objects in tum^ although most microscopic observers 
make use of one eye only for this purpose. 

The structure of many transparent objects can be 
best seen when the mirror is turned more or less 
obliquely to one side, so as to view them by oblique 
light, as it is called ; we shall refer to this point here- 
after. 

As a rule, objects are best seen by transmitted 
light, or as transparent objects, although it is well to 
examine objects under both kinds of iUiunination, 
t. 6. by transmitted and reflected light. 

If during the use of the microscope, after removing 
the eye from the instrument, the impression of the 
light remains perceptible to the sight, the light used 
has been too strong, or its action too long continued ; 
and the instrument should be at once laid aside for a 
time. 
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THE MOUNTING OF OBJECTS. 

The mounting or " putting up " of microscopic ob- 
jects signifies their preparation in such way that they 
may be preserved for future reference and observation. 

As a general rule, objects should be mounted in 
that manner by which their structure is best and 
most clearly shown; but in certain instances the 
objects are mounted so as to make their structure 
difficult of detection, that they may form test-objects 
of the power and quality of the microscope. 

Some objects require to be mounted in the dry 
state, while others are best mounted in liquid; some 
again as opake, others as transparent objects : these 
must be ct)nsidered separately. 

Dry opake objects were formerly mounted by gum- 
ming them upon small coin-shaped pieces or disks of 
cork, blackened upon the surface with a mixture of fine 
lamp-black and thin warm size, laid on with a hair- 
pencil. They were kept in a drawer, to the bottom 
o£ which a sheet of cork was glued, the disk being, 
transfixed by the piu, so that the free or projecting] 
pointed end of the pin could be thrust into the sheet^ 
cork. This plan may still be adopted in the case (^ 
common objects, as seeds, &c. ; but it is objectionable,, 
on account of the facility with which the bare objects 
are knocked off or injured by dust. 

Hence dry opake objects are usually mounted in 
such manner as to be enclosed in a cell, the sides 
being formed by a ring of glass-tube or cork, or 
square piece of leather, cardboard, or paper, with a 
hole cut or' punched out of the middle. The glass 
rings are best ; but as they are expensive, some of 
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other substances are generally used. The size and 
thickness of the material from which the rings are 
made must obviously vary according to the size and 
depth of the object. The rings are cemented to the 
middle of ordinary sUdes ; and it is best to keep a 
number of them ready prepared. The cementing 
material must vary according to the nature of the 
ring used. If this consists of glass, Canada-balsam 
or marine glue is best. In using the former, the ring 
is gently heated over the flame of the spirit-lamp, and 
a thin layer of the balsam applied to its upper or 
under surface, by means of an iron wire with a little 
balsam on its end ; it is next warmed over the spirit- 
lamp, so that the surface is entirely and evenly coated. 
A clean slide is then slightly heated, the ring laid 
upon it, and gentle pressure is used to squeeze out 
the excess of balsam ; and the slide is kept at a gentle 
heat, until on cooling the balsam becomes so hard as 
not to be indented with the finger-nail. Marine glue 
is applied in the same way as the balsam, except that 
prolonged heat is not required to harden it, for it be- 
comes hard on cooling. The balsam may also be 
replaced by black japan or asphalte. 

The pieces of cork, leather, or paper are best 
flEistened to the slides with solution of shellac or 
sealing-wax in methylated alcohol, or with white 
hard varnish. 

When the ring or piece has been firmly fixed to 
the slide by either of the above cementing materials, 
so as to form the sides of the cell, the bottom is 
to be covered with a piece of black paper, cut to fit 
it exactly, and fastened to the surface of the slide 
with a little gum, or of either of the above varnishes. 
As soon as this is thoroughly dry, the upper surface 
of the cell-wall, whether of glass or cork, &c., is 
thinly covered with varnish, and a clean thin-glass 
cover laid upon it, and very lightly pressed; the 
object is then permanently preserved. 
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The main points to be observed are, that the object 
and varnish are completely dry, and that the cell is 
thoroughly closed. If the latter be not the case, 
more varnish must be applied to any little openings 
which may have been left ; and it is better to apply 
the varnish in very small quantities at a time, the 
application being renewed as soon as the previous 
layer is quite dry. 

Dry transparent objects are usually small and deli- 
cate; for, unless they are so, their structure cannot 
be well seen. In mounting these, a square piece of 
note-paper or tracing-paper, with tlie centre cut out, 
may be fastened to a clean slide with a little paate^ 
gum, or shellac varnish. When this ia thoroughly 
dry, the object is placed in the vacant space, a clean 
dry cover laid on, and the varnish apphed by means oi 
a hair-pencil to the edges in very small quantities. 
This will run in between the under surface of the 
edges of the cover and the upper surface of the paper, 
and when dry will cement the two together. 

Supposing that the object is so delicate that it 
cannot he removed from the surface of a slide, if it 
will not be injured by heat, a good plan is to draw s 
square or circle around the object with a little black 
japan, then to heat the slide gradually until the japui 
ia not indented with the finger-nail when cold, A 
clean slide is then laid upon the ring of japao, 
the whole again gently warmed, until the varnish is 
softened, and the cover lightly pressed so as to be in 
contact all round with the varnish. The slide must 
then be rapidly cooled, by being laid upon a piece of 
metal, which prevents the varnish from running in so 
as to spoil the object. 

Many dry transparent objects can be preserved by 
mounting iu Canada balsam. This is the best pro- 
cess for mounting objects in general ; but only those 
can be so preserved which arc not injured by drying, 
and which are not rendered too transparent by the 
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balsam. If the object to be mounted in balsam be 
small^ it is thoroughly dried, and then a drop of oil 
of turpentine added to it upon a slide ; the slide is 
then gently warmed, which causes the turpentine to 
evaporate. When this has nearly all evaporated, a 
drop of balsam is allowed to fall upon the object from 
the end of a wire held at a distance above the flame 
of a spirit-lamp. A warmed cover is next laid upon 
the balsam, and gentle pressure applied until the 
cover is sufficiently depressed. The slide is then 
kept at a gentle heat until the balsam is quite hard 
when cold. The superfluous portions may be re- 
moved with the point of a knife, and any residues 
cleaned off with turpentine or a little benzole on a 
cloth. 

Another way consists in laying a cover upon the 
dry object on a slide, adding a drop of turpentine, 
and warming the whole over a spirit-lamp until all 
air-bubbles are displaced, then continuing the appli- 
cation of the heat until most of the turpentine has 
evaporated. A drop or more of the balsam may next 
be applied to the edge of the cover, when it will run 
in and mix with the turpentine. The whole is then 
gently heated until the balsam is hard when cold, 
more balsam being added if necessary, to replace the 
turpentine which has evaporated. 

When the objects are large, they should be pressed 
as flat as possible without injury between two slides, 
being retained until dry by enclosure between the 
prongs of an American clothes-peg; or the slides 
may be fastened at the ends by sealing-wax. When 
perfectly dry, the object should be immersed in tur- 
pentine, kept in a common gallipot, until all the air- 
bubbles have been entirely displaced, and the object 
appears very transparent. It is then removed from 
the turpentine with forceps, drained, laid upon a 
slide, and melted balsam dropped upon it until it is 
quite covered. A clean dry slide is then laid upon 
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its surface, and the two elides gently pressed together, 
the two slides fixed at the ends by sealing-irax, and 
the whole allowed to cool and dry. If requisite, more 
balsam is added to fill up any vacuities. When the 
balsam has become hard, the excess is cleaned away 
with a knife and turpentine, and the object is per- 
manently mounted. 

If the object should be spoiled by the presence of air- 
bubbles, the slides and object should be immersed in 
turpentine or methylated alcohol, until the whole of 
the balsam is dissolved ; the remounting may then 
be proceeded with as at first. If the slides have 
been immersed in the alcohol (which is the quickest 
method), the object must be soaked in turpentine 
before the balsam is reap])lied. 

If, after an object has been mounted in balsam, on 
applying heat, bubbles resembling air-bubblea should 
be formed, the object must not be considered as 
spoiled ; for these are merely bubbles of the vapour of 
turpentine, and will disappear spontaneously after a 
little time. 

A quick way of mounting in balsam is to drop the 
melted balsam at once upon the dried object; but as 
air-bubbles are very apt to be produced in this way, 
the beginner had better previously apply the tur- 
pentine. 

As balsam is very viscid, and adheres firmly to 
everything with which it eomes in contact, some 
care is required in its use. Young microscopists 
very generally manage to soil the microscope, tables, 
chairs, papers, books, and even their clothes with it. 
It may be easily cleaned oflj however, with turpentine 
or benzole. 

Moist objects are best preserved, whenever prae- 
tieable, in glycerine. There are, however, two im- 
portant objections to its use : one is, that it makes 
objects very transparent; the other is, that it often 
wnnkles and distorts them, by vrithdrawing their 
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watery contents. Hence only those objects can be 
preserved in glycerine, which are not too transpa- 
rent, and which are sufficiently firm to resist the ten- 
dency to collapse. 

When the objects are tolerably flat, and suffi- 
ciently firm to bear the pressure of the cover, they 
may be mounted by adding a small quantity of gly- 
cerine to them lying on a slide; the cover is then 
applied, and a little of the cement mentioned below 
applied warm with a hair-pencil around the edges of the 
cover to fasten it to the slide. Care is required that 
the glycerine applied be no more than sufficient ; for 
wherever it has touched the cover or the slide, the 
cement will not adhare. Superfluous portions may 
be sucked up with a piece of clean moist sponge or a 
comer of blotting-paper. 

When it is required to mount a large number of 
objects in a short time, the cement need only be 
applied to two opposite sides of the cover, leaving the 
other two sides open. 

When the objects require to be protected from the 
pressure of the cover, the sides of a cell must be 
made with the cement or black japan upon the slide 
before the cover is applied, a farther quantity being 
used to close the cell as usual. 

A very strong solution of chloride of calcium may 
be used for the same purposes and in the same way 
as the glycerine. It has the advantage of not making 
the object so transparent; but it has the disadvan- 
tage of crystallizing slightly in a dry atmosphere. In 
most cases, I prefer it to glycerine. 

A large number of interesting objects cannot, hoi/v- 
ever, be preserved in either glycerine or chloride of 
calcium, without their value being impaired by the 
cause mentioned above. Many kinds of liquid have 
been recommended for preserving these, all agreeing 
mainly in being inefficient. The objection to them 
is, that they are evaporable ; and after the object has 
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been mounted for some time, the liquid creeps be- 
tween the cement and the slide or cover, at some spot, 
and evaporates; and if the cement be not quite bard, 
the inner and more liquid portion uf it runs into the 
cell, and spoils the object. A solution, containing a 
grain of salt and a grain of alum to the ounce of dis- 
tilled water, is as good as any other ; or simply distilled 
water in which a piece of camphor has been kept. 
In use, the cell is first formed by making a circle or 
outline square on the slide with black japan, and 
heating this carefully until it becomes solid when cold. 
The object is then laid in the cell, the liquid added, 
and the cover applied, any excess being removed with 
blotting-paper. The cell is to be closed with old 
black japan or gold-size, applied round the margins 
of the cover with a hair pencil. A second and a third 
layer of the varnish may be applied upon the first, 
when it has become hard outside. Although black 
japan and gold-size are generally used for the cement, 
1 prefer that mentioned below. 

When large preparations are mounted in liquid, 
the cell-walla are either formed of glass rings, or 
they are built up with four oblong pieces of glass, 
cemented to the slide and to each other with marine 
glue. A very good preservative liquid for large spe- 
cimens is a solution of chloride of zinc, in the pro- 
portion of 20 grains to the ounce of distilled water. 
A mixture of spirit of wine and water, in the propor^ 
tion of I part to 2, or 1 to 4, is often used for the 
B^me purpose. 

When preparations are mounted, the cement and 
the adjacent parts of the slide and cover sliould be 
coated with a solution of sealing-wax in spirit, which 
hardens the exterior of the cement. 

The cement above alluded to is made by melting 
together 5 parts of rosin, 2 parts of balsam, 1 part of 
bees'-wax, and 1 of red ochre. The cement is best 
kept in a little metallic cup, and melted over a spirit- 
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lamp when used. It should be applied wliile hot, 
with a hair pencil ; and cools very quickly. 

The preservative liquids should be kept in corked 
bottles, a hair pencil being fixed into the under part 
of the cork ; or, what is better, in stoppered bottles, 
the stopper being prolonged to a point nearly reach- 
ing the bottom of the bottle. 

As soon as the preparations are mounted, they 
should be labelled, the labels being kept ready gum- 
med. The balsam should be kept in a capped bottle, 
such as is used for holding solutions of gum, with an 
iron wire for removing portions as required. By 
keeping, the balsam becomes thicker; it may be 
thinned by the addition of oil of turpentine, and the 
application of a gentle heat. 

The black japan, &c., may be procured at any oil- 
shop; the glass rings, cell-sides, covers, &c., from 
Mr. Norman, 178 City Road, or of the microscope- 
makers. 

Mounted objects should be kept in shallow drawers, 
and be laid flat — not standing on edge. 

Magnifying power. — ^Before entering upon the con- 
sideration of the objects themselves, a word or two 
must be said upon the magnifying powers. In the 
plates of this work, the serial nimiber of each figure 
is expressed by large numerals placed above the 
objects, while the number of times the object is mag- 
nified is indicated by small numerals placed beneath. 
The latter must be understood to express the nimiber 
of times the drawing is larger than the object in one 
dimension. Thus, considering fig. 13, Plate I. to be 
an inch in width (for it is really somewhat less), being 
magnified 150 times in the direction of the width, the 
object itself is about y^th of an inch in size; and it 
is represented magnified 150 times linear, or 150 dia- 
meters, as it is called. 

A knowledge of the number of times the object is 
magnified is of the greatest importance in making 
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use of the drawings; for, without it, the observer will 
be unable to apply such a magnifying power of the 
microscope as will enable him to see the structural 
appearances figured in the drawings. 

The observer must also be acquainted with the 
magnifying powers of his microscope with the various 
object-glasses and eye-pieces. These are usually 
given when the instrument is purchased. Or they 
may be determined approximatively thus : — ^An ivory 
scale, with yiij*^ ^* ^^ ^^^^ engraved upon it, is 
placed on the stage, and viewed as an opake object, 
both eyes being kept open ; and the size of the image 
of one of the gradations is measured with compasses, 
upon the stage as seen with that eye which is not 
applied to the eye-piece. The number of y^^ths of 
an inch contained in the measure obtained with the 
compasses represents the magnifying power. Thus, 
supposing the image of the y^^th of an inch on the 
scale appears magnified to the length of 1 inch on 
the stage; the magnifying power is 100 diameters, or 
100 times linear. This proceeding is difficult to any 
one unaccustomed to the use of the microscope, yet 
by practice it becomes very easy. Other methods, 
which require the use of the camera lucida, are given 
in the Micrographic Dictionary. 
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CHAPTER III. 

VEGETABLE ELEMENTS AND TISSUES. 

Wb may now enter upon the consideration of the 
microscopic structure of objects, beginning with those 
which are derived from the vegetable kingdom, as 
they are more easily procured and prepared for exa- 
mination than those belonging to the animal king- 
dom; moreover they are not so transparent, and 
hence are more readily distinguished under the micro- 
scope, which is of importance in the case of an un- 
practised observer. 

Cells, — ^The elements of which all plants consist 
are cells. Cells, in their simplest condition, are 
microscopic, rounded, colourless, closed sacs or vesi- 
cles, resembling small bladders (Plate I. fig. 2), and 
consist of a tlun, transparent, colourless, vegetable 
skin or membrane {a) called the cell- wall. The cells 
are well seen in a little of the pulp of an apple (fig. 2), 
or in a section of almost any soft part of a plant. 
A high power is usually required to show them dis- 
tinctly, on accoimt of their minute size. The outline 
of the cells is seen to be double, one line indicating 
the inner, the other the outer, surface of the cell-wall, 
the space between the two lines corresponding to the 
thickness of the cell-wall. 

In the pulp of the apple, the cells are loosely con- 
nected, and so retain their rounded form; but in 
most parts of plants, the cells become crowded and 
squeezed together, from their ordinary or normal 
expansion being limited in certain directions, so as 
mutually to alter each other^s shapes. The sides 
then lose their originally rounded form and outline, 
becoming more or less straight (PI. I. figs. 1 & 4), — 
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the cells at the same time mostly adhering to each 
other, so as to he separated with diificiilty. 

The forms thus produced are various and inter- 
esting, and have all received names by which they 
are distinguished. They are described in works on 
botany in two ways — according to the outline (which 
is the most common, as this expresses the appear- 
ance usually presented in sections and on the surfaces 
of vegetable structures), or according to the entire 
or BoUd form, which it is often a difficult matter to 
determine. 

Cellular tissue. — Cells aggregated thus form a 
tissue, which is called cellular tissue or parenchyma 
{irapa, among, and ^j(yfui, poured substance), be- 
cause it fills up the interstices of the other tissues 
of plants. i 

In technical descriptions, the cell-structure is often J 
left out of consideration ; and bodies composed of 
parenchymatous tissue are described as being reticu- ' 
lated or netted, because the united sides of the cell- | 
walls appear aa a network covering the surface. 

It must be understood that parenchyraatoua ceUs 
are such only as have the three dimensions of solidity 
(viz. the length, breadth, and depth) nearly equal. 

Intercellular passaffes.—The observer will not have^ 
examined many sections of cellular tissue, withobt- i 
noticing certain irregular black lines running be-fl 
tween the cells, as in a picee of a Geranium- [Pelar- V 
ffo'nium-) leaf (PI. I. fig. 1). These lines arise from I 
the existence of passages between the cells, contain- I 
ing air; and they are called intercellular passages. M 
By gently warming a section containing them in I 
water over a spirit-lamp, or by moistening the section 1 
with a drop of spirit, the passages will be filled up l 
with the Uquid, so as to become transparent. When I 
the intervals between the cells are larger and broader, ' 
they are called intercellular spaces. ' 

So far, cells have been considered simply in regard ^ 
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to their form, as vesicles, either rounded or altered in 
shape by mutual pressure. We have now to notice 
the matters contained within the cells, or the cell- 
contents. 

CelUconients. — In most cells, especially when 
young, a minute, rounded, colourless body may be 
seen, either in the middle or on one side, called the 
nucleus ; this is very distinct in a cell of the pulp of 
an apple (PI. I. fig. 2 b) , And within this nucleus is 
often to be seen another smaller body, frequently 
appearing as a mere dot, called the nucWolus. 

The nucleus is imbedded in a soft substance, which 
fills up the entire cell (PL I. fig. 2 c) ; this is the 
pro'toplasm (tt/ocSto?, first, irkaa-fia, formative sub- 
stance) . As it is very transparent, it is readily over- 
looked ; but it may usually be shown distinctly by 
adding a httle glycerine to the edge of the cover with 
a glass rod, when it contracts and separates from the 
cell- walls, as in the lower cell of fig. 2. The proto- 
plasm in some cells is semisolid and of uniform con- 
sistence, while in others it is liquid in the centre, the 
outer portion being somewhat firmer and immedi- 
ately in contact with the cell-wall. In the latter 
case, it forms an inner cell to the cell-wall, and is 
called the primordial utricle. The terms ^^ proto- 
plasm^' and ^' primordial utricle " are, however, used 
by some authors synonymously. 

The protoplasm is the essential part of the cell, 
and it forms or secretes the cell-wall upon its outer 
surface in the process of formation of the cell con- 
sidered as a whole. It is also of diflerent chemical 
composition from the cell- wall, being allied in this 
respect to animal matter. 

Chlorophyll {'xXcopd^, green ; ^vXKov, leaf) , — On 
examining a section of any green part of a plant, as 
the green substance of a Geranium- {Pelargonium-) 
leaf, it will be seen that the green colour does not 
arise from the whole substance being coloured, as 
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appears to be the case to the naked eye, but from the 
presence of little grains or granules of a green colour- 
ing-matter in the protoplasm of the cells. This greea 
matter is called chlorophyll. If the cells he crushed, 
the granules will escape, and can be examined in the 
separate state. Chlorophyll is most abundant in 
those parts of plants which are exposed to the light. 
Starch. — In many cells of plants, particularly those 
which have attained their Ml fpxjwth, other granules, 
lai^er than those of chlorophyll, and colourless, are 
met with ; these are the starch- granules (PI. I. fig. 3). 
They are usually rounded or oblong, and exhibit oa 
the surface a number of rings, one within the other, 
or concentric, as it is called. In the centre of the in- 
nermost ring is a black dot or streak, arising fimn 
the presence of a little pit or furrow, and called the 
hilum. 

The starch-grains may be readily seen within cells 
in a thin section of a potato (PI. I. fig, 4) ; here they 
are very numerous, and larger than in most other 
plants. A separate grain is represented in fig, 3. 

The appearance of rings in the separate grain* 
arises from the starch -granules being composed of 
numerous concentric coats or layers, hke those of an, 
onion, 

Avery simple and striking method of determmis^ 
whether any granule is composed of starch or not,, 
consists in adding to it, when placed in water on », 
slide, a drop of solution of iodine. As soon aa thi» 
touches the granule, it assumes a beautiful pnrj^ 
colour, the depth of tint depending upon the quantit;^ 
of the iodine-solution ; if this be very considerable; 
the granide appears almost black. The section ot 
potato forms a very interesting object when mois- 
tened with the iodine- solution, the starch-granides 
becoming beautifully coloured, whilst the cell- wall re- 
mains colourless, and the protoplasm becomes yellow. 
The form of the starch- granules differs in differ- 
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mt plants^ so that the kind of plant from which 
itarch has been derived may be distinguished by 
ittention to the size, form, and structure of its starch- 
^anules. Thus, the granules represented in PL I. 
Sg. 3, which it will be noticed are all drawn under 
the same power, are derived from different plants, — 
a being those of wheat-flour, in which the hilum is 
obscure, and the rings faint ; 6 is a granule of West 
Indian arrowroot, in which the hilum forms a trans- 
verse crack ; c is a granule of potato-starch, in which 
the hilum is a dot, and the rings are very distinct; rf re- 
presents the compound granules of the oat, the separate 
granules being figured below ; e is a granule of lentil- 
starch, with its long dark hilum and elegant oval 
concentric rings ; and / represents a compound and 
separate granule of rice-starch. It will be noticed 
that the granules of oat- and rice-starch are angular, 
as it is called. 

The knowledge of the peculiar forms of the starch- 
granules is important in a practical point of view, for 
it enables us to recognize them when mixed as an 
adulteration with other substances, and also to distin- 
guish the different kinds of starch from each other. 
Thus table-mustard, as it is called, is principally com- 
posed of the cheaper wheat- or pea-flour, which is 
easily recognized by the structure of the starch-grains. 
Arrowroot is considerably dearer than potato-starch ; 
hence in trade the latter is fraudulently sold for the 
former, the adulteration being detected with diflS- 
culty by the eye, but easily under the microscope. 
Again, rice is largely mixed with wheat- flour, as it 
makes inferior flour into very white bread ; and this 
may also be readily detected under the microscope. 
The reader can now understand how valuable the 
microscope is in detecting adulterations, with a know- 
ledge of the various forms and structures of sub- 
stances, especially with the aid of a few chemical 
tests. 
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St arch- grains are altered by boiling in water, be- 
coming swollen and often changed into curious forms, 
the rings becoming faint or disappearing. If a piece 
of boiled potato be esaniined, the starch-granules 
will seem to have vanished from the cells, which are 
swollen and covered with an irregular kind of net- 
work. The network consists of parts of the proto- 
plasm situated in the interstices of the starch -granules, 
and solidified or coagulated by the heat. On crash- 
ing the cells by pressing upon the cover, the starch- 
granules will escape, swollen and partly fused toge- 
ther; but they may easily be recognized as consist- 
ing of starch by the iodine test. _ 

The granules of " tons les moia " starch are par- 
ticularly well adapted for showing the concentrk 
rings, the granules being about twice as large as thou 
of the potato. 

Starch-granules are best examined in water; aodi 
small quantity only of the starch must be placed on 
the slide, if the structure of the granules is to bft 
seen clearly. They may he mounted in glycerin^ 
although this makes them very transparent. 

To those who possess a polariscopc, starch-gra- 
nules are particularly interesting, as they exhibit a 
black cross, and, with a plate of selenite laid heneatli 
the slide, a beautiful play of colours. 

In addition to the starch and chlorophyll, the 
cells of plants contain other matters, as gum, sogtifi, 
&c. ; but as they are dissolved in the cell-liquid, thqr 
are not visible. In the cells of certain plants, hoi 
ever, spherical globules, with light centres and bl 
outlines, will be met with : these consist of oil. 

RapKides. — Lastly, occurring in the cells of plant . 
especially such as are soft and juicy (succulent), will 
be found miuute, hard, colourless crystals, called 
raphides (patfth, a needle). These are most frequently 
needle-like or acicular {acus, a needle), but sometimes 
prismatic or rod-like with flat sides; they are also 
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not un&equeDtly grouped into little tufts. They 
may be readily found in a piece of the stem of 
garden-rhubarb (PI. I. fig. 6 a), or of the common 
balsam. 

Porous arid spiral cells. — The walls of the cells of 
cellular tissue are sometimes covered with little 
dots (PI. I. fig. 11 a)y or slit-like markings ; the cells 
are then called porous cells. A specimen of them 
m&y be obtained from a section of the pith of the 
elder {Sambucus nigra). 

Sometimes cells exhibit the appearance of a spiral 
line marking their walls^ as if a Httle bell-spring were 
coiled up in them (PI. III. fig. 2 a). These are called 
spiral cells^ or spiral fibrous cells^ and the tissue 
formed by them is called fibro-cellular tissue. 

We now leave the cells of ordinary cellular tissue, 
to examine those in which the dimension of length 
predominates, so that they form tubular cells; and 
first of those required to possess strength and firm- 
ness, combined with flexibility. These qualities are 
met with in the cells constituting 

Woody tissue. — Of this there are two forms, called 
respectively wood-cells and woody fibres. 

The wood'CeUs are moderately long, more or less 
tapering and overlapping at the ends ; and the cell- 
walls are thickened, so as to possess considerable 
firmness. These cells are found in the wood of stems, 
as in the white woody portion of an ash stick, that of 
a lime-tree, the stem of a Chrysanthemum, &c. (PI. I. 
fig. 6) . The^ are closely packed, and the tissue formed 
by their imion is called prosevlchyma {irpd^, close, 
iyxyfia, tissue). 

Ill the other kind of woody tissue the cells are 
Tery long and slender, strong, yet fiexible, gradually 
tapering at the ends, where they overlap each other ; 
ttoa they have thick walls, so that, when divided trans- 
fendj, the cavity appears almost fiUed up (PL I. 
figs. 6d,9,&7b). This tissue is called woody fibre 
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or pleuren' chyma {TrKevpa, rib, eyj(y/ia), from its 
strength . 

The walls of the cells of woody tissue are often 
covered with dots, either simple or with an inner dot 
(PI. I. fig. 6 b, fig. 1 1 6), or with streaks (PI. I. fig. 6 o) 
or with a spiral fibre (fig. 11 b, c), either alone or 
with dots also. 

This tissue is of great importance in plants, from 
its strength and flexibility j it forms a considerable 
part of the veins of leaves, the inner bark [liber), and 
of the wood of the stems of trees. It is also very usefid 
to man : for it constitutes hemp, of which rope and 
string are made ; flax, of which linen is made; cocoa- 
nut fibre ; bast, used by gardeners for tying up plants, 
which is the inner bark of the lime ; and jute, which 
is the inner bark of an Indian lime-tree. 

In the white woody part of the stems of trees be- 
longing to the fir-order (ConiTerae), as a piece of deal 
or pine, which is mainly composed of wood- (prosen- 
chymatous) cells, the cells exhibit rows of minute 
circular markings (PI. I. fig. 10). These were for- 
merly supposed to be solid bodies or glands ; hence the . 
tissue is still sometimes called glandular. M'ithinthe 
outer ring of each marking is an inner central dot, ori 
sometimes an oblique streak. The side view of the 
cells (PI. I. fig. 8 a), which is seen iu a tangential 
section, shows that the markings are minute pits, 
each being opposite to one of an adjacent cell, and 
sunk inwards towards the centre of the cell, the inner 
dot or streak being a thinner portion of the cell-walL 
This glandular tissue of the Coniferai is interesting as 
forming a test-object for the defining power of the 
microscope, which should show the two rings sharply 
and free from colour ; the section of the wood should 
be examined as a dry transparent object. 

The difference between the woody fibre and the wood- 
cells of coniferous wood may also be seen well in a piece 
ofdeal, as cut up for fire-wood. Iftheendof astiekof 
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this be examined with the naked eye, parts of brown 
rings will be seen traversing the whiter portion of the 
wood. These brown rings consist of woody fibre ; the 
white portion of wood-cells. On making a very thin 
transverse section, the interior of the woody fibres is 
seen to be almost entirely filled up (PI. I. fig. 7 6), 
while the cavity of the wood-cells is much more open 
(PL I. fig. 7 a) ; the former also contain globules of 
turpentine. 

It must be remarked here that some botanical 
authors include both forms of woody tissue under the 
term prosenchyma. But, as we shall see hereafter, 
the form of the prosenchymatous cells being some- 
times used as a character for distinguishing the cells 
of leaves, to which the term pleurenchymatous cells 
would be inapplicable, the above distinction will be 
found important. 

Vessels, vascular tisstie. — In the next form of tubu- 
lar cells, these are broader and softer than the cells of 
woody tissue, thin-walled, and the ends pointed ; and 
their walls exhibit spiral or ring-like markings, or 
rows of dots (PL I. fig. 5 c, e, b) , indicating the existence 
of one or more spiral fibres or rings. When the vessels 
contain spiral fibres, they are called spiral vessels 
(PL I. fig. 5 c) ; when they contain ring-shaped por- 
tions of fibre, they are called annular {an'nuluSy a 
ring) vessels (PL I. fig. 5 e) ; and when the spaces 
between the fibres are partly filled up, leaving only 
dots, the deposit forming a kind of network, we have 
a reticulated {rete, a net) vessel (PL I. fig. 5 6). This 
tissue can easily be obtained firom a piece of cooked 
rhubarb, the stem of a balsam, or from any soft- 
stemmed plant. Vessels very frequently contain air. 

Ducts. — The tubular cells forming ducts (PL I. 
figs. 5 6, lie) are large, more or less flattened or blunt 
at the ends (truncated) ; and the cell-membrane at 
first closing the ends is often removed or absorbed, so 
that the ducts communicate with each other, to allow 
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of the free passage of the sap through them. Thar 
walls are invariably covered with markings, consistiBg 
of either simple or hordered dots, resembling those 
met with in the preceding forms of tissue. The dncta 
are often easily recognizahle with the naked ^e, 
in transverse sections of stems, by the large pores 
which they form in the wood. These may be well 
seen in a section of a piece of cane. The tissue com- 
posed of dotted ducts is called bothrcn'chyma {ffoffpo^, 
pit) ; hut the term is principally applied to those 
ducts in which the dots are simple, i. e. have no inner 
dot. 

The Etnicture of the above forms of tissue may be 
best understood in relation to their development. It 
has been stated that the essential part of the cell is; 
the protoplasm. As cells grow older, new matter is 
deposited by the protoplasm upon the inner surfacfti 
of the cell-wall, either to a small extent, evenly and 
uniformly, as in ordinary parenchyma, or uneveiJy, ini 
the form of spiral layers, forming fibres or bands, , 
leaving bare spaces, where the original cell-wall enlists 
alone. The matter thus deposited is called secondary ■ 
deposit, the original cell-wall being the primary de- 
posit. When the secondary deposit covers the in- 
terior of the cells except at certain slit-like spaces, we. 
have the appearance figured in PI. I. fig. 6 a). "When 
the deposit forms a spiral fibre, or a series of rings, 
we have the spiral or annular vessel or duct. Audi 
when the interspaces between the coils of a cloeei 
spiral fibre are filled up except at certain spots, we 
have the dotted or reticulated vessel or duet. 

In many instances, these deposits are present to* 
gether : thus, sometimes the outermost deposit leaves 
rounded pits or dots, while an inner portion forma ft' 
spiral fibre (PI. I. fig. 11 fi) ; or one layer leaves simple I 
rounded pits, while the other leaves smaller slits or 
dots placed opposite the former (PI. I. fig. 6 b). 

In some cells the cavity is almost entirely filled up 
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by secondaiy deposit^ which leaves minute canals 
radiating from a small cavity in the centre to the cir- 
cumference, as seen in the transverse section of a 
plum-stone (PI. I. fig. 56) ; here the canals appear as 
dark lines. In others, again, the secondary deposit 
forms several distinct layers, leaving channels very 
similar to those of the last ; an example is met with 
in the gritty tissue of the pulp of a pear. 

The obvious use of the pits and channels in the 
above tissues is to preserve the permeability of the 
walls of the elements, which would be destroyed if 
the walls were equally thickened all over. 

Cell-formation, — New cells are formed by the 
division of old or parent cells. The actual process 
of division is diJOScult to observe, as it requires pro- 
longed observation ; but cells are often met with in 
all stages of division, of which some instances will 
be pointed out hereafter. The cell-division takes 
place in two ways, either according to the endo- 
genous (evSov, within, ^evvaG), to produce), or the 
exogenous (efo), outside, ^ewday) method. The 
tuanner in which the division takes place in the 
former is this : — ^At first a slight indentation or con- 
atriction of the protoplasm occurs at the line of 
iivision ; this deepens until the protoplasm is com- 
pletely divided. The freshly divided surfaces then 
become coated with a new portion of cell-wall, so as 
to make two or more new cells, which either remain 
in contact or separate from each other. In some 
3ases, the divided portions of protoplasm become 
soated all over with new cell- walls. 

In the exogenous process, a portion of the proto- 
plasm protrudes from the surface of the cell, carry- 
ing the cell- wall before it, so as to form a little bud- 
ike body ; this is next cut off at its point of junction 
^th the parent-cell, and coated, as in the first case, 
jdth a new cell- wall, so as to form a new cell. 

Preparation, — In examining the vegetable ele- 
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ments and tissues, very thin sections mnst be made 
with a razor or thin sharp knife ; these are then to 
be placed in a little water on a slide. As the struc- 
tures are all minute, the distinctness with which they 
are seen will mainly depend upon the proper thin- 
ness of the sections. When sections of dry stems 
are to be examined, the black margins of the air- 
bubbles contained in the cells often render the struc- 
ture indistinct ; these must therefore be displaced by 
first wetting the tissue with methylated alcohol, and 
then adding water to it in a watch-glass or on a 
slide ; or the tissue may be soaked in warm water for 
some hours : and this is mostly requisite in preparing 
thin sections of dry tissues. 

Attention must also be paid to the manner in 
which the section is made, or the direction in which 
the portion of the plant is cut. There are three im- 
portant directions which must be distinguished, pro- 
ducing transverse, longitudinal, and tangential sec- 
tions. If the cuts be made across the length of a 
stem, for instance, the section is called transverse. 
If the cuts be made in the direction of the length, 
through the centre, the section is longitudinal ; and 
if the cuts are made in a direction parallel to a line 
running down the centre of the stem, but nearer its 
margin, it is a tangential section. It is scarcely 
necessary to mention that an oblique section is 
intermediate between a transverse and a longitudinal 
section. 
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CHAPTEE IV. 

VEGETABLE ORGANS. 

The vegetable elements and tissues whicli have been 
described form, either separately or by their com- 
bination in various ways, the organs of plants. To 
these we shall now pass, and consider the structure 
of the principal organs of the members of the vege- 
table kingdom. 

Leaves, — Leaves in their simplest form consist of 
a single sheet or layer of parenchymatous cells or 
cellular tissue, an example of which may be found 
in almost any moss (PL III. fig. 30). The granules 
of chlorophyll will often be very distinctly seen in 
these cells. The first addition to this form of leaf is 
a row or two of prosenchymatous ceUs running longi- 
tudinally down the middle of the leaf, so as to form 
a rudimentary vein or nerve. In other and more 
highly developed leaves, the layers of cells are nume- 
rous, and traversed by bundles of wood-cells, vessels, 
and ducts (fibro-vascular tissue), forming the veins, — 
the entire surface being covered with a skin or mem- 
brane, called the epidermis. 

Epide/mis (eVl, upon, Sip/ia, skin). — ^This mem- 
brane is composed of one or more layers of colourless, 
closely packed cells (PI. I. figs. 13&28), the colour 
it occasionally exhibits usually arising from some of 
the underlying cells of the leaf being seen through 
it, or remaining adherent to it when stripped from 
the leaf. It is easily separated, by making a cut in 
a soft leaf, and peeling it oflF with a fine pair of for- 
ceps, or by soaking a leaf for some time in water 
and then stripping it off. It must be remarked that 
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the epidermis covers not only the leaves, but every 
part of tlie plant. 

Hairs. — Arising from the epidermis are the hairs 
of plants. These are thread-hke or filamentous pro- 
longations of the epidermis beyond the surface of the 
leaf (P!. I. fig. 12), consisting of cells arranged end 
to end. They are often branched, sometimes stai- 
shaped (stellate) (fig. 28}, and present great varieties 
in form, as shown in the figures, the plants from 
vrhich these were drawn being mentioned iu the De- 
Bcription of the Plates. Sometimes hairs terminate in 
a Uttle head (PI. I. figs. 12 c, d, e), the ceU or cella 
composing which secrete a colouring or a viscid sub- 
stance ; they are then termed glandnlar. The h^ra 
of plants are particularly interesting to the micro- 
scopic observer, not only on account of their curious 
forms, but in connexion with the remarkable pheno- 
menon of the circulation of the cell-contents, or 
rotation, as it is called, observable in them. This is 
difficult to be perceived by any one unaccustomed to 
microscopic observation, because the particles by 
which the motion of the cell-contents becomes evi- 
dent are exceedingly minute ; but practice in the use 
of a high power wUl overcome this difficulty. The 
hairs which exhibit the phenomenon best are those of 
the American Spiderwort [Tradescan'Ha Virgir^ica), 
which is to be found in every garden. It may, per- 
haps be recognized thus : — The plant is about a foot 
and a half high; the leaves are aword-shaped and 
channelled, and the flowers are purple, in heads, and 
1^ inch in diameter. The hairs are attached to the 
sides of the stamens, towards the lower part or base. 
The stamens should be carefully picked off with for- 
ceps, and placed on a slide in a drop of water ; the 
hairs should then be separated with the mounted 
needles, and a cover applied. Under a low power, 
the hairs arc seen to be beaded or monil'iform [monile, 
a necklace), and of a fine purple colour (PI, I. fig. 23), 
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On applying a high power, as the J-inch, the indivi- 
dual cells will come distinctly into view, and the 
nucleus will be* seen very clearly as a roundish granu- 
lar mass (PI. I. fig. 23 a). On carefully examining 
the cell-contents, delicate lines will be observed radi- 
ating irregularly from the nucleus, some passing to 
the top of the cells, while others run towards its 
base, as in the figure ; and on very close inspection, 
the portions of protoplasm of which these lines con- 
sist, will be found to move slowly and steadily, the 
motion becoming perceptible by means of the minute 
granules of which the protoplasm consists. The 
currents return at the ends of the cell, there being 
no passage of the contents of one cell into the cavity 
of either of those adjacent. During this examina- 
tion, it will be noticed that the surface of the cell- 
wall is striated with fine wrinkles. 

It may be remarked that the hairs should be 
take;u from flowers which have only just opened ; for 
this curious and inexphcable rotation is connected 
with the growth of the cell ; and when this has at- 
tained matiuity, it no longer occurs. The phenome- 
non may be observed in many other hairs of plants, 
as those of common groundsel {Sen^cio vulgaris) 
(PL I. fig. 12 «, b)y and in the cells of the leaves of 
some water-plants ; but I must refer to the article 
''Rotation'^ in the Dictionary for further information. 

The most important variety of hair is that derived 
from the CJotton-plant (a kind of Mallow), and form- 
ing the cotton of commerce. These hairs spring 
from the epidermis of the seeds. The cells com- 
posing it are very long and soft, becoming flaccid 
and easily bent when dry (PI. IX. fig. 13). 

Stings. — Stinging hairs or stings may be well 
illustrated by reference to the common large nettle 
( Urtica dioica) . In this plant they consist of a thick- 
walled cell, bulbous at the base, which is imbedded 
in the epidermis (PI. I. fig.21), the pointed end being 
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terminated by a very minute dilatation or knob. The 
Bting contains an acrid liquid, which escapes when 
the little knob is broken off in woundinp; the skin, and 
produces the well-known irritation. By the side of 
the figure of the sting is represented the point of a 
fine needle (fig. 20), showing that the expression 
" sharp as a needle " has no force when microscopic 
bodies are in question. 

Slom'ala (enofia, mouth) . — On viewing a strip trf 
epidermis, the observer will be sure to notice certain 
oval or roundish bodies (PI. I. fig. 13 a), composed of 
mostly two kidney-shaped cells in apposition bnt 
leaving a chink between them ; these are the storaata. 
They communicate beneath with the intercellular pas- 
sages, of which they may be considered the mouths} 
and by their agency a direct communication is »(te^ 
blished between these passages and the air. The two 
cells which guard the orifice are termed the " guard 
cells." 

Stomata are most numerous on the under surface 
of leaves ; they are entireiy absent in plants growing 
under water, and in most of the lower plants. In 
many of the stomata, viewed in the ordinary way, the 
air situated between the guard ceils is indicated by 
the black spot or dot present ; but after a time, or l^ 
the application of a gentle heat to the slide, the air 
becomes displaced by the water, and their structure ^ 
becomes very distinct. ' 

In certain plants, the epidermis is imbued with 
flint or sil'ica ; so that even when burnt to an ash the, 
stomata are still quite distinct. Examples of thift- 
may be found in the stalk or culm of grasses, as in ■ 
straw, the shining epidermis of which is siliceous ; or 
the epidermis of canes. Among the lower plants,, 
this peculiarity is especially curious in the species of 
Equisitum, or mares' -tails. 

The manner in which the veins of leaves are ar- 
ranged is worthy of special attention, as it forms one 
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of the characters by which the two leading divisions 
of the Vegetable Kingdom are characterized. Thus 
in one of these divisions the veins are branched^ so 
as to form a network throughout the leaf; the 
plants with these netted veins, to which belong our 
trees, shrubs, and most herbs, are the Dicotyledons, 
or Ex'ogens ; while in the second division, the veins 
run parallel to each other, being little or not at all 
branched, and not forming a network. The plaats 
with parallel veins, among which are our grasses, 
lilies, Sec., are the Monocotyledons or En dogens. 

Stems, — In the stems of plants, the tissues are 
arranged round a centre; otherwise, in the sim- 
pler and lower plants, they agree in structure with 
leaves, the centre being occupied by some element 
of fibro-vascular tissue, as simple wood-cells, a few 
vessels or ducts. 

In the higher or flowering plants, the stem exists 
in two distinct forms, corresponding to the differences 
above noticed in the arrangement of the veins of the 
leaves ; these must be considered separately. 

In the Dicotyledons or Exogens (PL I. fig. 36), the 
centre of the stem, in a transverse section, is seen to 
be occupied by the pith or medulla, which is repre- 
sented in the figure by the innermost circle. Imme- 
diately outside and around this is a narrow ring, in- 
dicating the section of a sheath to the pith, and called 
the medullary sheath. Next comes a broad ring of 
wood of the first year's growth (fig. 36 a), traversed, 
from the pith to the bark, by wedge-shaped paler 
rays, termed the medullary rays. Outside the first 
ycAr's wood is the newer and paler wood of the second 
year (b) ; and so on, a new ring of wood being added 
outside the preceding layer for each year of growth 
of the stem. 

On the outer side of the wood is the inner bark or 
Kber (fig. 36 c) ; and outside this is the spongy outer 
hsA (d)j covered by its epidermis. 
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These structures are of different composition, as 
may be best seen in longitudinal sections. The pith 
and the medullary rays consist of cellular tissue, the 
cells being mostly roimded in the former, and moie 
closely pressed together and squarish in the latter. 
The medullary sheath consists of vascular tissue ; and 
the wood, of wood-cells traversed longitudinally hf 
bundles of vascular tissue and ducts, the latter being 
larger and more distinct towards its outer boundary. 
The hber is composed of woody fibre, and the outa 
bark of cellular tissue. 

The new woody matter being deposited outside the 
old, between the bark and the previously formed 
layer, gives origin to the term exogen (efw, outsid^ 
yewdo}, to produce). These structures may be ei- 
amiued in the section of a branch of the lime-tree 
or lilac. 

In the Monocotyledons or Endogens (PI, I. fig. 37), 
there is no distinct bark, nor pith, nor medullar; 
rays — the entire stem consisting of cellular tissue 
with isolated bundles of fibro-vascular tissue scat* 
tered through it. Moreover the new substance is 
added to the centre of the stem, or within the oldj 
hence the term endogen {evZov, within, '/ev^'tKu). A 
section of a piece of cane will exhibit this structure. 

To examine the structure of stems, sections must 
be made in various directions. The relative positian 
of the component parts of a stem are best seen in a 
transverse section ; but the structure of the tksuea ii 
most evident in longitudinal sections, and under tha 
higher powers. The annual rings of the Exogens ar» 
best observed in transversely sawn-off pieces of per- 
fectly dry stems, which have been pohshed with sand- 
paper, and varnished with spirit varnish. 

Roots.—'Vhe structure of roots is very similar to 
that of stems ; there ia, however, no distinct pith, nor 
are there stomata on the epidermis; and the vesaeb 
are replaced by ducts. The very fine rootlets ot 



FLOWERS. 37 

radicles of water-plants often show the rotation of 
the protoplasm very distinctly. 

Flowers. — ^The various parts of flowers, being each 
a modified leaf, present the same general structure 
as the latter. As the reader may not be acquainted 
with the names of these parts or organs in the higher 
plants, and as we shall have to compare them with 
their representatives in the lower forms of vegetable 
life, it will be well briefly to indicate them. A com- 
mon and beautifiil yet despised flower (PI. I. fig. 32) 
may serve for illustration; this is chickweed {Stella^ 
via m^dia)y which can be found everywhere. The 
outermost circle of flower-leaves, which forms a kind 
of cup to the rest of the flower (a), is the calyx ; the 
separate leaves being called the sepals. The row 
within this, in most flowers consisting of brilliantly 
coloured pieces, forms the corolla {b) ; the individual 
pieces being the petals. When the two kinds are 
equally coloured, or not distinguishable, the whole is 
called the perianth^ as in a tulip. When the seg- 
ments of the perianth are dry and chafiy, as in the 
flowers of grasses, the outermost are said to con- 
stitute the glumes, and the innermost the palea. 
Within the ring of petals are certain thread-like 
organs called stamens (c); and these consist of a 
filament (fig. 39 a), surmounted at the top or apex by 
the arUher (fig. 39 b), which is usually coloured, and 
consists of two lobes. The anthers when ripe burst, 
and discharge a coloured dust; this is the pollen. 
Lastly, withm the stamens is the central organ of the 
flower, the pistil, and sometimes there are several of 
them. The pistil consists of three parts, viz. a swollen 
base, the ovary (fig. 41 b), surmounted by a column 
or style (fig. 41 a), and which is crowned by a viscid 
and often hairy sunlmit, the stigma (fig. 40'^). In 
chickweed there are 3 styles. 

It must be remarked that, in the flowers of some 
plantSj stamens alone are present, while others con- 
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tain piatik only, although moat flowers contain Twtfc 
organs. When the stamens and pistils occur in sepa- 
rate flowers on the same plant, the plant is said to be 
monceciovs (jiovov, single, oIko?, famUy); when all the 
flowers of distinct plants contain either stamens ooly 
or pistils only, the plant is di(Bcious (Si?, twice, oliw); 
and when the stamens and pistils occur together in all 
the flowers of the same plant, the plant is said to be 
hermaphrodiie. These terms had their origin in the 
idea that the difi'erences of plants in respect to these 
organs were analogous to those of the sexes in animals, 
All the parts of a flower have their special uses : thns 
the calys and corolla protect the delicate organs en- 
closed by them, until they attain maturity. The 
petals also, by their brilliant colours, attract insects 
which feed upon or collect the honey of the flowers ; 
these at the same time conveying the pollen which 
adheres to their bodies from one flower to the stigma 
of another. The stamens and pistils are organs (tf J 
fructification, it being essential for the fertilization rf 
the flowers that the pollen should come into contact 
with the stigma. We will now consider some inter- 
esting points of structure in these organs. 

Petals, — The petals often form most beautiful mi- 
croscopic objects, on account of the curious shape 
and structure of the cells of their epidermis, and the 
splendid tints of the colouring matters contained in 
them. As petals are mostly too thick to allow of the 
cells being distinctly seen in the entire state, a little 
cut should be made in them while gently stretched 
on the finger, and the epidermis carefully stripped off 
with forceps; the strip should then be laid on the 
slide in water as usual : in this way the curious 
patterns of the epidermic cells will become very dis- 
tinct. The petals of a red geranium {Pelargonimi^. 
may be used to illustrate them (PI. I. fig. 24). The. 
structure may be best understood by reference to the 
epidermis of the leaf of a geranium {PL I. fig. 13), 



I 



POLLEN. 89 

• 

?^ >hich tlie cells present wavy or undulate walls, 
^ the petal (fig. 24), the walls are inflexed at tole- 
^oljr regular distances, so as to give rise to the ap- 
pearance of a row of teeth lining the cell. If the 
ftnp of petal be folded, so as to exhibit the side view, 
it will also be seen that the cells project outwards 
fi^m the surface to form a bluntish point or papilla, 
or the petals are papillose as it is called ; and the 
surface of the membraue around the papiUse is finely 
wrinkled, so as to present the appearance of very deli- 
cate radiating lines or striae. Intermediate degrees 
of this inflexion may be found in various flowers, 
between the slight condition seen in fig. 13 and the 
extreme state of fig. 24, as in the snapdragon {An-' 
tirrhinum mdjus). 

Anthers, — The cavities of the anthers are lined 
with fibro-cellular tissue, the fibres of which aid in 
discharging the pollen ; this may be seen by dissect- 
ing an anther of London pride {Sdxifraga umbr6sa)y 
or of a wallflower {Cheiran' thus cheiri) in water. It 
also exists in chickweed. 

Pollen. — The pollen consists of minute grains called 
the pollen-granules. They may be viewed either in 
the dry state as opake objects, or when immersed in 
water as transparent objects. As it is often difficult 
to moisten them, they may be touched on the slide 
with a little spirit, and then a drop of water added. 
Their forms are very varied and curious, but they are 
difficult of observation fipom their minute size. They 
consist of one or more coloured cells, and these cells 
are remarkable for their surfaces exhibiting spines, 
networks, folds, and markings of various kinds. Thus 
in the primrose the pollen-granules are cylindrical, 
the surface being fiirrowed (PI. I. fig. 16) ; in the sun- 
flower the granules are spherical, and covered with 
tubercles surmounted by spines (fig. 17) ; in the 
garden convolvulus the surface of the spherical gra- 
nules is covered with an elegant network, in the 
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meshes of which are also Bituated spines (fig. 18) ; 
and in the granules of chickweed the surface pre- 
sents pits, iritli minute tubercles in the centre 
(figs, 30 & 31), The irollen-fcranules are often con- 
siderably altered by immersion in water; bo that, 
in judging of their structure when examined in 
water, the resulting alteration must be taken into 
account. 

When ripe pollen granules have been immersed in 
water for a short time, one or more minute tubes 
will be seen protruding from their surface ; these are 
the pollen-lubea, and the granular protoplasm con- 
tained in them is called the foviTla. In the process of 
fertilization of the flower, the pollen-granules M 
upon the viscid stigma ; the pollen-tubes are then 
protruded, and, passing down the intercellular spaces 
of the style (PI. I. fig. 14'), enter an aperture in, the 
ovide or young seed, which is thus endowed with the 
power of growing into a new plant. The pollen- 
tubes are often very long, and tliey do not exist fnlly 
developed in the pollen -granules, but grow down the 
style, just as the little rootlet of a seed grows into the 
soil. The style of a crocus will serve for dissecting 
out with mounted needles the long and very slender 
pollen-tube (PL I. fig. l^). 

O'vary. — The ovary by its growth and enlargement 
becomes the fruit. There are many interesting mi- 
croscopic structures to be foimd in fruits and the 
seeds they contain, a few of wlucli may be noticed 
here. 

On examining the surface of the rind or pericMp 
{•rrfpl, around, Kapwo^, fruit) of an orange, little dote 
will be seen, paler than the rest of the surface. Thestf 
are receptacles of secretion, or glands, containing the 
evaporable or volatile oil upon which the fragrance of 
the orange depends. They consist of loose cells, sur- 
rounding a central cavity, and are imbedded in the 
rind. 
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Other receptacles of secretion, called vitia {vitta, a 
band), occur in the wall (pericarp) of the firuit of the 
XJmbelliferae, or Parsley Order of plants, and their 
arrangement forms characters for distinguishing the 
genera. They may be well seen in caraway-seeds; 
for the caraway-plant is one of the Umbelliferse. It 
must be observed that a caraway " seed " is not reaUy 
a seed, but consists of half the fruit; for, on careM 
examination, one side of it will be found to be flat- 
tened, the flattening resulting from the mutual pres- 
sure of the two half-fruits at that part ; moreover the 
dried style exists at its summit. In the figure (PL I. 
fig. 19), the flattened part of the seed is next the ob- 
server. The seed has five evident longitudinal ridges, 
one at each comer or angle. The vittae are dark- 
coloured (fig. 19 a), and placed one between each pair 
of these ridges; and they consist of long flattened 
spaces in the substance of the pericarp, with trans- 
verse markings, indicating internal cross partitions. 
In botanical works, the presence of five ridges, with 
single vittae in the intervals, is given as a character 
by which the half-fruits (carpels) of the caraway are 
to be distinguished. But on closely inspecting the 
flattened surface, another ridge is seen running down 
its middle ; so that the seed really has six ridges, one 
of which is smaller than the rest from the pressure of 
the other half. Hence the character of five ridges 
with single vittae is incorrect. 

The vittae contain the volatile oil to which the 
fragrance and pungency of the firdt is owing, although 
some of the oil exists also in the cells of the kernel or 
albumen, which forms the white and greater part of 
the seed. 

The skin of a reddish apple, peeled off in the 
manner described for petals, exhibits beautifully the 
red colouring matter of different tints in adjacent 
cells, while the pulp displays the cell-contents, as 
already mentioneid. The latter may also be easily 
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examined, from their large size, in most of the softer 
fruits, as that of the snowherry or the cucumber. 

As the ovary or fruit approaches maturity, the 
petals and stamens wither and full off, the calyx often 
remaiuiug, and being sometimes adherent to the 
ovary, at others free or unattached to it. 

Seeds. — During the ripening of the fruit, the seeds 
contained within it are gradually becoming fiirther 
developed. 

The seeds themselves are covered outside by a akin 
or coat called the testa {testa, a shell) . This is re- 
markable for frequently displaying various kinds of 
figured patterns, consisting of raised networks, ridgea, 
little knobs or tubercles, &c. Examples of these may 
be found in the seeds of the poppy (PL I. fig. 37), 
mignonette (fig. 29), and chickwecd (fig. 51). 

Some seeds are winged, as it is called, i. e. inx- 
nished with an extension of the testa b^ond t}ie 
margin of the seed. This not uufrcquently consists 
of aggregated fibre-cells, the spiral fibre being veiy 
distinct, as in the seeds of Eccremocar'pus tcAber I 
(PI. I. fig. 52) . In the seeds of another curious fdaot ' 
in this respect, viz. Collomia grandifl^ra, the fibre- 
cells are separate, so as to resemble hairs, and very 
mucilaginous, and in the dry seed are closely pressed Ut 
its surface. If a portion of the testa of these seed^ 
which can be procured at the seed-shops, be cut off, 
laid on a slide, a cover applied, and when the objeet 
is in focus, a drop of water be added, in a abort time 
water softens the mucilaginous walls of the cells, the 
power of the spiral fibres comes into play, and the 
cells expand so as to form a very interesting object; 
the cells, in their expansion, apparently writhing like 
30 many minute worms (PI. I. fig. 35). 

The seed itself, which is contained within the teste 
or seed-coat, consists essentially of the young plant or ■ 
embryo. This is composed of three parts, viz. the 
plumule {pluaiula, a little feather), or the young stem; 
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the racficle {radicula, a little root), or the yoting root ; 
and one or two, rarely more, imperfectly developed 
or rudimentary leaves, the cotyledons {KOTvXrjSojv^ a 
cup). 

These structures are closely packed in the seed, and 
are not easily recognized at first. By keeping seeds 
moist for a day or two until they begin to grow, or 
germinate as the seed-growth is called, they are readily 
detected, and may then be more easily found in the 
dry seed. 

When somewhat advanced in growth, they are 
familiar to every one, although they may not be re- 
cognized by their names. In table '^ mustard and 
cress,^' the whole consists of these organs of the two 
plants ; the white stalk directed downwards being the 
radicle, the two green leaf-like lobes the cotyledons, 
and between the latter directed upwards is the very 
minute plumule, which is more easily seen when the 
plants have been allowed to grow larger. This struc- 
ture of the seed is important to be known, because the 
absence or presence and the number of cotyledons afford 
characters, corresponding with those already men- 
tioned in respect to the veins of the leaves and the 
structure of the stem, for distinguishing the great 
divisions of the Vegetable Kingdom. Thus, the Ex- 
ogens are Dicotyledons (8t9, twice), their seeds having 
two cotyledons ; while the Endogens are Monocoty- 
ledons (/I0V09, single), having one only; and the 
Cryptogam'ic plants are Acotyledons («, without), 
their seeds (spores) having none of these organs. 

Some seeds consist entirely of the embryo, sur- 
rounded by the testa. But in many others there is 
also present a usually whitish, firm cellular substance, 
called the albumen (albumen, white of egg). 

The albumen of seeds often affords good specimens 
of secondary deposit, the cells being almost entirely 
filled with it. An example maybe found in a section 
of vegetable ivory, of which ornaments are sometimes 
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made ; its structure resembles essentially that of the 
plura-stonc. In other instances the cells contaja 
secreted matters, as starch, oil. &c. ; and eometimea 
the cotyledons also contain starch and oil. An ex- 
ample of the former exists in the albumen of wheatj 
and of the latter, in the horse-chestnut, the filber^ 
and mustard-seed. 

The albumen and cotyledons serve to supply the 
embryo with nutriment until the roots have grown 
sufficiently to enable them to absorb it from the soil; 
the cotyledons also serve as temporary leaves. 

The tbrm and relative position of the radicle and 
cotyledons serve to distinguish certain groups of 
plants. This may be illustrated by the natural order 
Crucifera;, or that containing the mustard, wall- 
flower, &c. 

Thus, in one group, which may be represented by 
the wall-flower, the cotyledons are flat or plane 
(PI, I. figs. 43 & 44), the radicle teing applied to theit 
edges. This is best seen in a transverse section 
(fig. 43). They are then called accum'tent (accumbo, 
to lie against); and the botanical sign is 0=. In 
the second group, the cotyledons are plane (PL I. 
fig. 38), with the radicle applied to the back of one 
of them, as in the seed of the common shepherd's 
purse (C'a^*e/'/a bu/ sa pasldris) (PL\11. fig.l9). They 
are then termed m'cumbent {incumbo, to lie upon), 
and the sign is Oil. Whde in the third group the 
cotyledons are folded in the middle, like the leavei 
of a book (PI. I. figs. 49 & 50), and the radicle ii 
enclosed between them, as in the white mustard 
(Sina'pis alba). The cotyledons are then called coft- 
du'plicate (condupHco, totold)^ and their sign is 0>'>. 

The plants above-mentioned are evidently all Dico- 
tyledonous, or their seeds have two cotyledons ; and 
they contain no albumen, 

Li the Monocotyledonous division, which may be 
represented by a grain of wheat (PI, I. fig, 53), the 
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ingle cotyledon forms a minute sheath {a), enclosing 
he plumule (A), the radicle (c) being here but little 
Lcveloped at first, the greater part of the grain con- 
isting of the albumen {d) ; the grain should be soft- 
ened in water before examination. In the germi- 
lated grain the cotyledon appears as a pale sheath, 
surrounding the convolute green leaves of the plu- 
mule ; which may be best seen in a transverse section 
(PL I. fig. 48). 

Fertilization. — A few words must now be said 
regarding the formation of seeds, and the action of 
the pollen-tubes in the process of fertilization. 

In the earliest stages of growth, the young seeds, 
or ovules as they are called, appear as little buds, 
arising from the inner wall of the ovary ; and the 
part from which they arise is called the placerita 
{placenta, a cake). In chickweed (PI. I. fig. 41 c), 
the placenta forms a central column ; and when the 
ovules are a little older, they are found to have sepa- 
rated somewhat from the placenta, but retaining a 
connexion by means of a little cord or stalk, termed 
the fanic^ulus {funis , a cord) . The ovules may be 
rea^y found in the ovary or young pod of a wall- 
flower, the placentas forming four lines, running lon- 
gitudinally down the interior of the pod. 

In this early condition the ovule consists of a mass 
of cellular tissue ; and as new formations are soon 
added to it, it is termed in this state the nucleus. 
Around the nucleus are then formed two coats, an 
outer, called the primine, and an inner, termed the se- 
cun'dlne. These coats or membranes are open at one 
end, so as to leave a passage down to the apex of the 
nucleus; the opening is called the foramen. These 
structures are well seen in the ovule of the waUflower 
(PI. I. fig. 54), the foramen in the figure being indi- 
cated by a * ; it will be noticed also that the funi- 
culus runs down one side of the ovule, so as to ter- 
minate at the bottom or base of the nucleus. In 
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ripe seeds, tlie spot at which the fimiculuB has been 
attached is mostly perceptible in the form of a scar. 
The slight promiDence of the foramen ean also often 
he distinguished, as in the seed of chickweed (Pl.L 
fig. 51*) ; in the ripe seed the foramen is termed the 
micropyle, and towards it the radicle of the embrjra 
is always directed. 

One of the cells of the nucleus near its apex then 
enlarges, so as to form a sac, called the etabryo-sac. 
This is excessively thin and transparent (PI. I. 
figs. 45 6 & 47) ; and in it, also at the end next tlie 
foramen, one or more (in the chickweed one) smaller 
cells are formed from the cell-contents of the em- 
bryo-sac, which are called the embryonal vesicla 
(Pl.I. tig.«o). 

Thus far developed, the embryo exists prior to the 
expansion of the fiower and the discharge of the 
pollen. The embryo-sac is not figured in this early 
condition, the embryonal vesicle being then smaller 
than that in fig. 45 b, although occupying the same 
position. 

When the pollen has escaped from the anthers and 
fallen upon the stigma, the pollen-tubes growing 
down the intercellular passages of the style, enter the 
foramen of the ovule, and so reach the apex of the 
nucleus, at which the embryonal vesicle contained in 
the embryo-sac is situated. The end of the pollen- 
tube then adheres to the embryonal vesicle, and such. 
interchange of cell-contents takes place between them 
aa effects fertilization. 

The process of cell-formatiou in the fertilized em- 
bryonal vesicle then takes place rapidly, new cells-; 
bemg formed by the division of its ceU-conteni»' 
(PI. I. fig. 45 o) ; and it will be noticed that the new 
cells are formed at the end of the embryonal vesiolej 
opposite to that situated at the apex of the embryo- 
sac. As the cell-division and formation proceed fiip. '■ 
ther, a mass of new cells is produced (Fl. I. figs. 46 e 
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L 47), forming the rudimentary embryo ; and ifrom 
Ids, by further growth, the perfected embryo (fig. 55) 
•esults ; or, to use a fashionable technical term, the 
simply cellular embryonic mass becomes differen- 
tiated into the radicle, cotyledons, and plumule, form- 
ing the embryo. It will be remarked that the posi- 
tion of the embryo in fig. 55 is the reverse of that in 
figs. 46&47, the radicle in the former being directed 
downwards, whilst that of the embryo in the figure of 
the embryo-sac (fig. 47) is directed upwards. 

The embryonal structures are very difficult of de- 
tection ; but it happens that in our little chickweed 
they are more easUy dissected out than in most other 
plants. For this purpose, the ovules, placed on a 
slide and lying in water, should be picked to pieces 
with the mounted needles, under the simple micro- 
scope. They may be preserved in chloride of calcium 
or glycerine. 

A clear distinction must be drawn between seeds, 
which result from the process of fertilization, and 
buds, which are formed independently of this process. 
Both consist essentially of embryo plants ; but whUe 
the former originate from a single cell, the latter are 
outgrowths of a parent stem, from which their tissues 
are derived ; and while the former propagate the spe- 
cies, the latter increase the individual. 

The obvious use of seeds is the distribution of the 
species by the formation of new individuals. 

In the general outline which has been given of the 
elements, tissues, and organs of plants, they have 
been examined principally as existing in the higher 
groups, or those of more complex structure ; and to 
enter fdrther upon a description of these plants would 
involve the consideration of variations in the form 
and arrangement of the organs of which they are 
composed. As these can mostly be investigated with- 
out the use of the microscope, we must pass to those 
in which the entire plant consists of little more than 
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simple or parenchymatons ceUs^ and in which the 
representatives of the flower are so inconspicaous^ or 
are reduced to so elementary a condition^ that the 
plants included in the Division have been termed 
Cryptogam ic {/cpvirri^, concealed^ yc^M^y union— 
figuratively for reproductive oi^ans) or Plowerless 
Plants. The reproductive oi^ans of the Cryptogamia 
are usually termed the fructification^ imjdying that 
they produce fruity but not flowers. 
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Febns and Lichens. 



Fig. 

1. CMoroeoccum vulgare, 

2. PanneUa parietina. 

3. Parmelia parietina, section of a 

saucer (apothecium). 
4 PanneUa parietina, gonidia and 
asci. 

5. Parmelia parietina, asci and para- 

physes ; 5 a, spores. 

6. Calicium claveUum, 

7. Calicium clavellum, stalked apo- 

thecia. 

8. Calicium clavellum, apothecium. 
0. Poll/podium vulgare, frond. 

10. Pohpodium vulgare, lobe of frond. 

11. Polypodium vulgare, group of cap- 

sules (thecfiB). 

12. Polypodium vulgare, capsule and 

spores. 

13. Polypodium vulgare, spore germi- 

nating. 

14. Polypodium vulgare, prothallium. 

15. Polypodium vulgare, portion of 

prothallium; with archegonia. 



Fig. 

16. Aspidiumflix mas, frond, 

17. Aspidiumflix mas, pinnules nith 

Bori. 

18. AspidiumJUix mas, single pinnate* 

19. Scolopendrium vulgare, frcmd. 

20. Scolopendrium vtdgare, portion ol 

frond. 

21. Cladonia coccifera, 

22. Cladoma coniuta, 

23. Cladonia pyxidata, 

24. &adonia rangiferina, 

25. Cladonia rangiferina, ends of po- 

detium. 

26. Graphis scripta. 

27. Graphis scripta, lirellsB. 

28. Graphis scnpta, asci and spores. 

29. Graphis scnpta, spore. 

30. Opegrapha bettUina, 

31. Opegrapha betuUna, lirellsB. 

32. Opegrapha betttUna, lirella. 

33. Opegrapha betulina, ascus with 

spores. 

34. ScaIariformduct8ofBrake(i%0m). 
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CHAPTER V. 

FERNS^ OR FIl'iCES. 

The general appearance of plants belonging to the 
class of Ferns is so well known that it need scarcely 
be described, especially since the introduction of th^ 
glass plant-cases, by means of which the air can be 
kept so damp that ferns are now grown in the very 
heart of our cities. Their bright green and finely 
cleft leaves (PI. II. figs. 9 & 16) or fronds {frons, a 
leaf) as the leaf-like organs of the lower plants are 
called, arising in tufts from the stems, give them the 
elegant appearance we are called upon to admire, 
whenever they are met with. The brownish spots or 
stripes seen upon the back or under surface of the 
fronds, and consisting of the fructification, form also 
a simple character by which they may generally be 
distinguished ; although in a few of them the fructi- 
fication is placed upon a distinct stalk. The stem or 
liu'zome {pi^mfia, a root) of a fern is mostly situated 
just beneath or at the surface of the ground, and is 
commonly mistaken for the real root, which is buried 
in the earth. It is brownish outside, and covered 
with scurfy scales or ramen'ta {ramentum, a shaving). 
These scales are interesting microscopic objects, from 
the distinctness with which they exhibit the cellular 
network. 

A section of the rhizome exhibits the fibro- vascular 
tissue arranged differently from that in the stems of 
either Exogens or Endogens. It forms curiously 
curved longitudinal plates, a very abundant compo- 
nent of which is the scalar'iform {scala, a ladder) 
duct (PL II. fig. 34). The walls of the scalariform 
ducts are angular^ and the secondary deposit is ar- 
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ranged in the form of transverse bars, somewliat 
resembling the steps of a ladder ; which structure is 
best seen in a transverse or slightly oblique section. 
The fronds are usually cleft nearly down to the main 
vein or midrib (fig. 9), or pinnatijKd {pinna, a feather^ 
findo, to cleave) ; sometimes the segments are simi- 
larly cleft^ so that the fronds are bipinnatifid. The 
manner in which the veins usually branch is abo 
peculiar^ each branch separating from the point of 
division at an acute angle with the original direction 
of the vein (fig. 20), so as to be forkol. . It is also 
worthy of notice, that the young firond is rolled up 
into a flat spiral, or is cir'cinate {circino, to go round), 
before it opens. 

We will now examine one or two species more 
minutely. 

PoLYPODiACEiE. Polypddium vulga're (PI. II. fig. 9, 
one-third of the natural size), a member of this 
family, is very common on old trunks of trees, on 
banks, &c. The frond is deeply pinnatifid, the seg- 
ments being oblong, blunt (obtuse), scalloped (cre- 
nate) at the edges (PI. II. fig. 10), and becoming 
gradually shorter towards the apex of the frond. 

On the back of the fronds are the little orange- 
coloured groups of capsules (PL II. figs. 9 & 10); 
these are called sori {acopo^y a heap). The capsules 
or thSca {Orjicrj, a case), a magnified group of which is 
represented in fig. 11, consist each of an aggregation 
of cells, fixed to a stalk (fig. 12) ; and along the back 
of the capsule is a close row of thicker cells, forming 
an elastic ring, the avlnulus. When the seed-like 
bodies or spores {(nropa, a seed) are ripe, the annulns 
becomes straightened from its elastic power, and tears 
the capsule open, so that the spores are set free and 
scattered. 

Aspidium filix mas (PL II. fig. 16, reduced to one 
third or fourth of the natural size), is the most conmion 
British fern. In this the fronds are pinnate, i. e. the 
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sgnxents (pinnae) corresponding to those of Polypo^ 
\%um ore cleft entirely to the main stalky the pinnse 
fig. 17) being pinnatifid j and the segments of the 
pinnae or the pinnules (fig. 18) are oblongs obtuse^ and 
3aw-edged (serrate) . In all botanical works the fronds 
are incorrectly said to be bipinnate. 

The sori are brown, kidney-shaped (fig. 18), and 
differ from those of Polypodium in being covered by a 
thin membrane {indusium), which is fixed to the frond 
at the notch. 

Scohpevl drium vtdgdre (PI. II. fig. 19), the Hart's- 
tongue Fern,, is common in hedges and on moist banks. 
Its fronds are simple or undivided, strap-shaped, 
heart-shaped at the base, and narrowed to a point at 
the apex. The sori (fig. 20) are brown, narrow, 
longish (linear), and transverse or slightly oblique. 
The indusium is cleft down the middle, so as to form 
a longitudinal fissure or suture. 

R^oductvon, — ^The spores of the ferns (PI. II. fig. 
12«)resembleinappearancetheseedsof floweringplants 
on a small scale. They are usually brown, covered on 
the surface with little tubercles or other markings, 
and when kept on a slide in a moist atmosphere, as 
over a saucer of water covered with a bell-glass, they 
germinate. When this takes place, one or more * 
short, brownish, hair-like radicles emerge from one 
part of the surface (PI. II. fig. 13), and a process con- 
taining chlorophyll issues from an adjacent spot. As 
growth proceeds, the latter by cell-division gives rise 
to a flattened two-lobed leafy cotyledon-like body or 
prothatlium (tt/jo, before, 5a\\o9, leaf), with nume- 
rous rootlets springing from the base of the lobes. 
The prothallium is of a peculiar duU-green colour, 
different from that of the young frond which is subse- 
quently formed. This arises from the absence of 
stomata and intercellular passages containing air ; for 
the air in these passages of leaves and petals contri- 
butes greatly to the production of the brightness of 

f2 . 
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their colours. Moreover, the cells of the prothalliuzza 
resemble those of the parenchyma of a leaf, the ep/-* 
dermis with its wavy-margined cells being absent. 

When the prothalUum has attained its full develpp-' 
ment, minute scattered protrusions from its cells occur 
on the margin or under surface, resembling short and 
blunt hairs ; and each of these becomes partitioned 
off to form a new cell, within which a number d 
crowded smaller cells are produced. These organs arc 
called antherid'ia (anther, and elBo^, resemblance) ; and 
within each of the crowded smaller cells is contained 
a very minute, colourless, coiled fibre, furnished wiA 
still finer filaments, called dtia (cilium, an eyelash) j 
the ciliated fibres being termed spermatozo'a {airipiM, 
seed, fcSoi/, animal). At a later period, other organs 
are found also on the back of the prothallium. These 
are larger than the antheridia, and are composed of 
several ceUs, arranged around a central canal which 
leads to an embryo-cell situated at its base (PL 11. 
fig. 2). These organs are the archegdnia {apxv> ^ 
ginning, 76V09, offspring). When the antheridia are 
ripe, they discharge the spermatozoa, which are 
enabled to swim about by means of their cilia in 
water (rain), and entering the canal, reach the embryo- 
ceU, which thus becomes fertilized. When fertilizied, 
the embryo-ceUs produce the little fronds which after- 
wards grow into the mature plants. 

Hence the spores of ferns differ strikingly firom the 
seeds of the higher plants in not containing the em- 
bryo radicle and cotyledons already formed, these 
being produced during or after germination ; also in 
the fertilizing organs, viz. the antheridia or represen- 
tatives of the anthers, and the archegonia or the re- 
presentatives of the pistils, being produced from the 
cells of the prothallium. 

The more minute of these structures are too diflB- 
cult of observation and preparation for any one un- 
accustomed to microscopic manipulation, so that they 
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have not been figured in detail; the figures given 
win, however, serve to guide the observer in tteir 
recognition. 

Preservation, — ^The ferns may be easily preserved 
in the entire state, by laying them flat between sheets 
of coarse unsized paper, and subjecting them to mode- 
rate pressure in a screw-press; the paper should be 
changed, or dried before a fire every two or three days, 
and the pressure repeated until the specimens become 
dry and rigid.- They may then be mounted on sheets 
of pa{)er, being fastened either with thread passed round 
the stalk or portions of the frond with a needle, and 
tied in a knot behind, or with strips of paper gummed 
at the ends. 

The minute structures may be preserved either m 
the ary state or in glycerine. 
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CHAPTER VI. 

MOSSES^ OR MUS'CI (mUSCUS^ M OSS) • 

I NBED scarcely refer to the figures in PI. III. to 
enable the reader to recognize the Mosses ; every (me 
knows them at once by their remarkably nnifom 
general appearance, their miniature-plantlike finrm, 
their crowded little leaves, concealing the slender 
wiry stems, their growth in patches, and their curious 
urn-shaped fruits raised up on dender bristle-like 
stalks. 

The leaves of the mosses are simple, i. e, not cut 
into segments, and consist of one or two layers of 
cells. The thinness of the leaves enables these cells to 
be seen very distinctly, the closely united cell-walls 
giviQg the leaves a netted or reticulated appearance 
(fig. 48), and the grains of chlorophyll being gene- 
rally few and readily distinguished. The veins of the 
leaves, or the nerves as they are usually called, scarcely 
deserve the name ; for neither they nor even the stems 
contain fibro- vascular tissue, but consist simply of 
elongate closely packed cells, and often the leaves 
have no nerves. 

The fruit of the mosses consists of a capsule^ some- 
times called a sporarigium {crrropd, seed, 07709, vessel), 
usually placed at the end of a slender stalk, called 
the seta {seta, a bristle) ; but sometimes the stalk is 
absent or extremely short, when the capsule is said 
to be ses'sile {sessilis, sitting). The young capsule is 
covered with a thin extinguisher-like cap or calyp'ira 
{KdkvTrrpa, a cover), which is carried up as the cap- 
sule and its stalk grow, so as to be either entirely 
thrown off, or to remain covering a greater or less 
portion of the capsule^ when this attains maturity. 
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Mosses. 



1. Sjshagnum aetdifolmm, expanded 

lea£ 

2. S^kagnum actttifoHumfCeUa of leaf. 
d. Spennatozoa of Polytnchum piU- 

ferum, 
4. Sphagnum actttifoltum. 
6. Sphagnum actitifoliumj capsule* 

6. Gymnostomum truncatulum. 

7. Gymnostotnum truncatulumy leaf. 

8. Qymnostomum truncatulumy cap- 

sule and operculum. 

9. Ogtnnostamum tnmcatulumy spore. 

10. IHcranum heteromaUum, 

11. Dtcranum heteromaUum, 

12. IHcranum heteromaUum, leaf. 

13. Dtcranum heteromallmn, opercu- 

lum. 

14. Dtcranum heteromallumy calyptra. 
16. Dtcranum heteromallumj capsule j 

15 fl, peristome. 

16. Torttda murcdis, 

17. Tortula muralisy leaf. 

18. Torttda muralisy capsule : a, tooth 

of peristome. 

19. Tortula muralisy operculum. 

20. Tortula muraUs, calyptra. 

21. Tortula murdUa, arcnegonia. 

22. JPblgtrichum pUiferum. 

23. Polgtrichum piliferumy leaf. 

24. Polytrichum pUtferumy calyptra. 

25. Fohftrichum pihferumy antueridial 

stems. 
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26. IhiilglrtchimnpiUfi^^ 

27. Polytrichum ptUferumy antiieridk 

and paraphyses. 

28. Funana hggrometnca, 

29. lUnaria hygrometrica. 

30. Ikinaria hygrometrica^ iMfl 

31. Funaria hygrometriea, capsule; 

Oy operculum. 

32. JFkmaria hygrometrica, Rtalk-lite 

body. 

33. Fitnaria hygrometrieOf young a^ 

chegone. 

34. Funaria hygrometrieoj more ad- 

yanced archegone. 

35. Funaria hygrom^rica, sectioii of 

young capsule. 

36. limaria hygromeirica, calyptnu 

37. IkinariahygrometricayBJOuie^iSaa^ 

38. Finaria hygrometrica, sporea. 

39. Finaria hygrometricay ajmului. 

40. Funaria hygrometrica, azdhegth 

nia. 

41. Funaria hygrometrica, nntJiflrid^ 

head. 

42. Funaria hygrometrica, peristondi 

43. Hypnum rutabulum, 

44. Hypnum rutabulum, leaf. 

45. Hypnum rutabulumy capsule. 

46. Hypnum rutabulum^ spores. 

47. Hypnum rutahuhim, peristome, i 

48. Hypnum rutabulum, cells of leal 
I 49. Bryum capiUare, 
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The calyptra is either aimplj- mitre-ahaped, or mUri- 
form (PL III. fig, 24), or it is half-cleft, or dimidiate 
(figs, 14, 36). "When the capsule is ripe, the upper 
part UBually separates at a circular horizontal line 
{fig. 8} as a kind of lid, which is called the oper'- 
culum {operculum, a lid), and thus the spores are 
enabled to escape. Tlie rim of the capsule, from 
which the operculum has separated, forms its mouth, 
and this often exhibits a fringe of teeth (figs. 15, 18, 
31), arranged in one or more rows; sometimes the 
teeth are replaced by a membrane, or, again, both 
teeth and a membrane maybe present. This month- 
fi*inge is the per'istome (""cpt, around, cn6fj,a, mouth). 
In many mosses, an elastic row or ring of cells is 
situated between the mouth of the capsule and its 
operculum, called the annvlus (figs. 18 & 39) ; this, 
■when the capsule is ripe, aids in throwing off the 
operculum. 

It is important to become acquainted with the 
structure and arrangement of these parts, as they 
form characters by which the families and genera of 
mosses are distinguished. 

The capsules of the mosses form very beautiful 
microscopic objects, especially those fiimished with a 
toothed peristome. 

Most of the mosses produce their fructification in 
the winter and spring. 

The class of mosses is divided into two Orders, 
according to whether the fi-uit-stalk is terminal, i. e. 
ariaea from the end of the stem or its branches, or 
whether it is lateral, arising from the side of the 
stem. Those with the fruit-stalk terminal, or the 
end fruited (PI. III. fig. 22), form the Ac'rocarpi 
[aKpa, summit, Kapvoi, fruit) ; while those with the 
fruit-stalks lateral, or the side-fruited mosses {fig. 43), 
constitute the P/eu'rocarpi [7r\evpa, eide). The new 
shoots or young branches of the stems of moases are 
med itiTiovations. 
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We will now examine a few common mosses more 
in detail, beginning with the Acrocarpi. 

Sphagnum acutifdlium (PI. III. fig. 4) is found in 
pools or bogs, growing at the margins so as'to be 
partially immersed. In this moss, the upper branches 
are grouped into a head. The leaves are crowded, 
and overlapping or im'bricate {imbrex, a. tile) on the 
elongate stems; they are egg-shaped (ovate) on the 
main stems (fig. 1), and narrower or ovate-lanceolate 
on the branehea; tbey are nerveless, and finely 
toothed at the apex. The capsule (fig. 5) is roondiah* 
ovate, without a peristome, and the operculum ii 
flattened. The grouped arrangement of the uppa 
branches renders the species of Sphagnum easily re- 
cognized. The structure of the leaves is also ven 
peculiar and characteristic (fig.2). The cells of which 
they consist are of two kinds, one (fig. 2 a) being 
colourless, elongate, pointed, and containing a spiral 
fibre ; the other consisting of shorter and narrower 
obtuse cells, containing chlorophyll, and situated be- 
tween the former. In many of the former kind of 
cells, little round apertures exist on the under surface, 
and minute animals may sometimes he found im- 
prisoned in them. 

Another species of Sphagnum, S. obtusifoUum, is 
common, and greatly resembles the above, but has 
shorter and thicker stems, and rounded- ovate, very 
concave, and obtuse leaves. 

Gymnos' tamum truncafulum (PI. III. fig. 6) ia a 
common little moss, found on banks and in fields 
and gardens. 

In this there is no peristome, althougb, in the 
young condition, a membrane extends more or less 
over the interior of the mouth of the capsule. The 
stem is slender, rigid, and simple, or but little 
branched. The calyptra is dimidiate; the operculum 
is present (fig. 8), and terminates above in an oblique 
beak, or it is obliquely rostrate (ros'trum, a beak) as 
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it is called. The leaves are obovate (fig. 7) or ovate 
with the broader part remote from the stem^ and 
narrowed at the apex^ where the nerve protrudes or 
is ex'current [excurrOy to run out). The spores 
^fig. 9) are reddish brown and smooth. 

Dicrdnum heteromaVlum (PL III. figs. 10 & 11) is 
probablj the first moss the reader will meet with on 
banks and heaths in the early spring ; and it will be 
sure to be noticed on account of the bright green 
colour of the patches and the beautiful orange- 
brown capsules. 

In this moss the capsule is nodding (cer'nuous) 
(PL III. fig. 16), and has a single peristome, con- 
sisting of sixteen equidistant teeth, each being deeply 
cut or cleft longitudinally (fig. 15 o), so that there are 
thirty-two teeth altogether; and these are marked with 
internal cross-bars, or transverse ridges. The calyptra 
is dimidiate (fig. 14) ; and the lid is ftimished with 
a long obUque beak (fig. 15 b). The leaves are 
-crowded, strongly nerved (fig. 12), lanceolate at the 
base, and very narrow towards the apex, which is 
toothed ; they are, moreover, curved, and bent towards 
one side, or secund. 

Tor' tula murdlis (PL III. fig. 16) may be found on 
the top of almost every wall and on waste ground. 

In this moss the peristome is single (fig. 18), con- 
sisting of thirty-two spirally twisted teeth, arranged 
in pairs. They are narrow and slender, and each is 
composed of two longitudinal portions (fig. 18a), one 
of which is pale yellow, the other reddish brown, like 
the capsule, and both are fringed and covered with 
very minute papillae. The capsule (fig. 18) is oblong, 
the ring or annulus remaining for some time. The 
lid is conical (fig. 19), with a longish somewhat ob- 
lique beak, and the calyptra is dimidiate (fig. 20). 
The stems are very short; the leaves (fig. 17) are 
oblong, obtuse ; the nerve strong, and projecting as a 
colourless spirally striated bristle. The bristles often 
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give the patches of the moss a hoary appearance on 
wall-tops. The margins of the leaves are folded back 
or recurved, giving them a peculiar thickened ap- 
pearance. 

The largest of our mosses are contained in the 
nest genus, viz. Polyi'richvm, some of them having 
the stems from 2 to 4 inches, or even more, in height 
they are common on heaths and in woods. 

Polyt'rickuni piliferum (PI. III. fig. 22) is veij 
common on open dry heaths. This moss has ample 
stems, with the leaves crowded on the lower part of 
those which are fertile or fruit- bearing. The fruit- 
stalk is terminal (acrocarpous) ; the capsule ovate, 
4-sided or quadrangiilor, with a knob or strums 
{struma, a swelling) at the base, the lid having 
short beak. The calyptra (fig. 24) is half-cleft (di- 
midiate) and very hairy. The peristome is single, 
and consists of sixty-four teeth. The leaves (fig. 23) 
are lanceolate, nearly upright, the margins folded 
inwards or inflexedj and they end abruptly in a 
edged or serrated hair-like point. 

Pohj'trichum commune, which is also very common, 
is larger than the last species, and may easily be dis- 
tinguiahed by the curved and serrate leaves, which 
have no bristle-point. 

In the early spring, patches of both these mosses 
may be fonnd, in which the stems are terminated by 
little rosettes (figs. 25 h 26) ; these will be referred 
to presently, 

Keeping still to the end-fruited or Acrocarpous 
mosses, we have next to mention Funaria hygro- 
mefrica (PI. III. figs. 28, 29), which is readily dis- 
tingnished from most other mosses by the pale apple- 
green colour which it possesses before the capsule 
ripens. It is extremely common on walla and waste 
ground. 

The capsule of this moss (fig, 31) differs from 
those of the preceding mosses in the peristome being 
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double (fig. 42), or composed of an outer and an inner 
row of teeth. The outer row consists of sixteen ob- 
lique reddish teeth, which are marked with trans- 
verse bars or trabe'culae {trabecula, a little beam), and 
their points are connected by a net-like thin plate. 
The inner row contains also sixteen teeth, arising 
from the division of the membrane lining the cap- 
sule ; these are yellowish, thin, and placed opposite 
the outer teeth. The capsule itself is pear-shaped or 
pyriform, orange-red when ripe, curved, and with the 
mouth oblique. The calyptra (fig. 36) is half-cleft, and 
expanded as if blown out below. The lid (fig. 31 a) 
is convex and obtuse ; and the annulus (fig. 89) is 
large and easily separable. The fruit-stalks are 
curved near the top. The leaves (fig. 30) are ovate, 
concave, entire, with a nerve reaching the apex, 
which is acute and prolonged into a little point, or 
apic'ulate. The spores (fig. 38) are small and reddish 
brown. The specific name {hygromefrica) of this 
moss expresses its hygrometric property ; for if either 
the recent and moist moss be dried or the dry moss 
wetted, the fruit-stalk gradually twists in opposite 
directions in the two cases. 

The last of the Acrocarpous mosses which we shall 
notice, Bry'um capitlare (PI. III. fig. 49), is tolerably 
common on trunks of trees, on the ground, and 
sometimes on walls. 

The capsule of this moss has a double peristome 
or mouth-fringe ; the outer consisting of sixteen red- 
dish-brown, equidistant, transversely striped teeth; 
the inner composed of sixteen thin keeled teeth, more 
or less split down the middle, and with two or three 
interme£ate cilia. The capsule is nodding, smooth, 
oblong, pear-shaped, slightly narrowed below the 
mouth ; the lid being somewhat convex, and furnished 
with a short slender beak. The calyptra is dimidiate. 
The leaves (fig. 50) are obovate, the nerve extending 
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beyond the point, rendering them bristle-pomteo. 
The seeds (fig. 49 a) are small and green. 

This moBs serves to illustrate a great difficnltj, 
which will often occur to the student, in detennimng 
whether a moss is end-fruited or aide-frmtcd. For in 
this, as in many other end-fruited mosses, a littie 
eide-shoot or young branch (innovation) grows ttoa 
the main stem immediately below the leaves 
rounding tlie base of the fruit-stalk, so that the fruit- 
Btalk appears to arise from the side of the stem, tbt 
only method of overcoming the difficulty is to ei- 
amine carefully the comparative size aud thickness d 
the stem and the shoot, and to determine which ii 
the weaker and so the newer. The leaves surround- 
ing the base of the fruit-stalk, which are mostl; 
somewhat different in structure from the stem* 
leaves, are called the ptrickaitial (wepl, around, xairg, 
bristle) leaves. 

Prom among the side-iruited or Pleurocaipoiu 
mosses we shall select one only, Hyp'num rtUab'ubm 
(PI. III. lig. 43), which is common on the trunlu of 
trees and on banks. 

In this moss, the nodding unequal curved capsule 
(fig. 45) has a double peristome, resembling that of 
Bryum (fig. 47). The calyptra is half-cleft, and the 
lid conical and shortly beaked. The stem is reclining 
or procumbent, and the pale green imbricated leaves 
(fig. 41) are ovate and pointed, faintly saw-edged, the 
nerve becoming indistinct at about the middle. It 
will be noticed that the cells of the leaf (fig. 48) 
have the prosencliymatous form, or are elongate with 
pointed ends ; and that the fruit-stalk (fig. 45) is 
rough with little grains. 

Fructification. — The fruit-producing organs of the 
mosses are of two kinds, comparable to those of the 
flowering plants, but with their names changed, as in 
the case of the ferns; the representatives of the 
anther being called aatheridia, and those of the pistil 
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archegonia. The antheridia may be best examined 
in Polytrichum piliferum or communey the patches 
of stems with red rosette-like heads (figs. 25, 26) be- 
ing readily found in the spring on open heaths. The 
coloured leaves forming these heads differ in form 
firom those of the stem, being broader and very sharp- 
pointed, and have received the distinctive name of 
periffdnial {Trepl, around, 70V09, offspring) leaves. In 
the centre of these leaves, which must be separated 
with mounted needles in a drop of water, the anthe- 
ridia (fig. 27), forming oblong cellular green sacs, will 
be seen ; and intermingled with them will be found 
some slender pale filaments, composed of mostly two 
rows of cells, which are the paraph! yses {irapa^vaL^y 
a side growth). K the antheridia are quite ripe, they 
swell somewhat in the water, and from the free or 
unattached end a very delicate, colourless, cellular 
mass gradually escapes. If the antheridia are not 
quite ripe, the mass must be liberated by dissection. 

On carefully examining this mass under a high 
power, it will be seen to consist of very delicate 
rounded cells (fig. 3 a), each containing a coiled fila- 
ment, revolving more or less rapidly. After a time, 
these filaments (fig. 3 b) escape, so that they may be 
examined more minutely. They are excessively de- 
licate, and are best seen when dried on the slide. 
Eacli consists of a very slender curved filament, with 
a still finer filament, or cilium, arising from it on 
each side. These are the spermatozoa or spermator 
z6ids {trrripfia, seed, ^&ov, animal, 6ZS09, resemblance). 

In Fundria the antheridia (fig. 37) may also be 
found, by careful examination, in the little green 
heads terminating some of the stems (fig. 41, of 
the natural size). In this moss, the paraphyses are 
inflated at the summit into little knobs, or they are 
capitate (fig. 37). The pistil-like organs of mosses, 
or the archegdnia, from which the capsule is formed, 
must be looked for in the winter or early spring. 

o 



They occur in the parts of the st^ms from wbkh 
fruit-Btalk subsequentlr arises, and are Buirounded 
by perichetial leaves, so as to resemble in general 
aspect the aiitheridial heads. They are readilv found 
in Tortula and Funaria, which are always at haod. 

The archegoiiia(l'l.ni. fig. 21) differ in form fern 
the antheridia, being flask-shaped, with a neck and 
a dilated base. The neck contains a slender canal, 
and within the base is a special embryonal cell, fmra 
which the capsiile is subsequently formed. The 
spermatozoa of the antheridia pass down the canata 
of the archegonia, and fertilize the embryonal cella; 
but one archegoniiun only comes to maturity in each 
liead, the others ceasing to grow, and withering, in 
which condition they are found at the base of the 
fimit-stalk when the capsule is fiilly farmed. The 
embryonal cell grows by subdivision, so as to form a 
stalk-like body, which as it rises extends the arche- 
gonium upwards until it splits across near the base. 
Thus the archegonium becomes split horizontally 
into two parts, the upper and longer of which forms 
the calyptra, whilst the lower remains as a very short 
tube or sheath [vaginula) surrounding the base of the 
fruit-stalk. The cellular stalk-like body then swella 
at the summit, the swollen portion gradually he- 
coming developed into the capsule, by resolving 
itself into an outer wall lined inside with a coat 
forming the outer row of teeth at the top, and within 
this a thinner membrane or spore-sac, the cleft upper 
margin of which forms the inner teeth ; and within j 
this are contained the spores. The mass of cella 
within the spore-sac remains, forming a central j 
column, called the columella. \ 

These stages of growth may be readily traced in J 
Funaria. In Plate III., fig. -10 represents two ferti- 
lized archegonia of the natural size, surrounded by the 
perichEetial leaves; fig. 33 is a still more advanced 
archegone. In fig, 34 the calyptra has separated from 
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^ the vaginule, and contains the stalk-like body, which 
'^■. k represented alone in fig. 32, the dark summit indi- 
'^. eating the commencing formation of the capsule. 
' JFig. 35 represents the young capsule, in which slQ. the 
parts are more advanced in growth. 

When the seeds of mosses germinate, they produce 
at first a green Coftferva-hke filament, which branches 
at one end, the ceUs containing green endochrome, 
- while brownish little roots are given off firom the 
other end. The young leafy bud^ or young stems 
arise from these confervoid laments. 

Examination, — In the examination of the mosses, 
the capsules shotdd be viewed as opake objects while 
fixed in the forceps; and to discover the minute 
structure of the teeth of the peristome, a capsule 
should be wetted with spirit, then immersed in water, 
flUt up with fine scissors, and spread out with the 
mounted needles, so as to form a transparent object. 
In this way, the curious structure of the teeth be- 
comes very distinct. 

It must be noticed that, in the mosses, the anthe- 
jidia and the archegonia usually occur in separate 
flower-like heads ; or the mosses are either monoecious 
or dioecious (p. 38). 

Preservation, — The mosses may be dried under 
pressure, and preserved entire in the same manner as 
the ferns or the flowering plants. If simply dried 
without pressure, their structure can be readily made 
out at any future time, by immersing them in water, 
or by keeping them for a few hours in a moist atmo- 
sphere. The minute structures of mosses may be 
mounted in solution of chloride of calcium, or in 
glycerine ; they keep extremely well without closing 
the cells. 
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CHAPTER VII. 

ALG^ (aLOA^ sea-weed). 

The plants belonging to the Class Algse grow ii 
water, either in that of the sea or in fi*esh water; a 
few of them, however, being found on damp earth, 
damp walls, &c. The marine Algae are commonly 
known as sea- weeds ; but the fresh- water Algae gene- 
rally receive but little popidar notice, forming, as they 
do, slimy masses or strata, of a green or brownish, 
sometimes red, colour. 

Algae are of simple structure, consisting entirely of 
cells ; in some these are single, in others, united end 
to end, to form threads or filaments, or grouped into 
a leaf-like expansion, or collected few together into a 
little spherical group or a flat plate. They possess 
none of the fibres, vessels, or ducts of the higher 
plants, although some long and slender cells, existing 
in the stalks of the fronds of the larger kinds, bear 
considerable resemblance to woody fibre. They ex- 
hibit no distinction of stem and leaf, but consist of 
fronds representing the stem and leaf combined and 
undistinguishable. And the term frond must be un- 
derstood to signify the separate parts arising fi*om 
the point of attachment when they are fixed ; and in 
the case of those which are unattached or free, the 
entire plant is called a frond. 

The Algae are divided into three Orders, viz. the 
Pucoid'eae or olive-coloured Algae, the Florid'eae or 
red, and the Confervoid'eae or green Algae. 

FucoiD'E-ffl, Fucoid Algae, or Melanospot'eae (fiiKa^, 
black or dark). The plants composing this order 
form our largest sea- weeds, and are found everywhere 
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PLATE IV. [page 64.] 
Mabhtb Aloa. 



Fig. 
L Dasya eoecinea, piece of. 
2. Dcuya coccineaj portiou with cap- 
sule (ceramidium). 
8. Dasya coccinea, portion of main 
fiLuneut. 

4. Dasya cooctWa^ section of filament. 

5. Melcheaia polymorpha. 

6. Melobesia polymorphay portion 

with capsules (ceramidia). 

7. Jama rubens. 

8. Jama rubens, 

0. LUhocygtia AUmanni, 

10. Ceramium nodosum. 

11. Ceramium nodosuMy filament. 

12. Ceramium rubrum, filament. 
18. Ceramium rubrum, tetraspore. 

14. Ceramium rubrum, end of fila- 

ment. 

15. Ceramium rubrum, capsule (fa- 

vella). 

16. Fkteus vesiculosus, receptacles of. 

17. JFktcus vesiculosus, capsules (con- 

oeptacles), 

18. Micus serratus, antheridial con- 

ceptacles. 

19. Spore of Hicus vesiculosus. 



Fig. 

20. Antheridia of JFktetu serratHt. 

21. IHocamium eocemeufn,epoTa^^ 

22. Plocamium coccineum, witn ( 

sule (cocddium). 
28. Fioeamium coecmeum, porti(Bi 
frond. 

24. Plocamium coccineum, te 

from sporophyll. 

25. Polysiphonia fasti ffiata^'poT^i 
20. PolydpliOfda fasUgiatcL^ filii 

with capsules ^ceramidia). 

27. Polysiphonia fast^ffiata, poEtkil 

filament. 

28. CoraUina officmdHs, , 

29. CoraUina officinalis, portion of fil- 

ament ; 

30. CoralUna (^Udnalis, ca^pealB {csar 

midium). 

31. JSnteromorpha compressa. 

32. JEnteromoi^)ha compressa, cells of 

frond. 

83. Hypnea purpurascens, capsafe 

(coccidium). 

84. Hypnea purpurascens, spores. 
35. Hypnea purpurascens, filament 
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in the sea and on the sea-shore. They are of an olive- 
green or olive-brown colour, and usuaJly become 
darker on drying. 

Fucus vesiculosus, with its parallel -sided or linear 
oliTe-brown fronds, is known to every one as the sea- 
weed which is hung up to act as a weather-glass ■ The 
fronds have a central stout vein, or midrib, and scat- 
tered air-bladders, mostly in pairs, 

The fructification consists of yellowish ovaJ enlarge- 
ments of the ends of the fronds, called the receptacles 
(fig. 16) ; but these are somewhat variable iu form, 
being often angular or truncate. On holding one of 
the receptacles to the light, it Tvitl appear to contain 
a number of httle grains imbedded in its substance, 
slightly projecting above the surface, and in the centre 
of each is a minute dot or pore. These grains are 
the capsules, or conctptacles, and contain the spores. 
The substance of the receptacles is composed of a 
beautiful network of colourless, jointed, cellular fibres 
(figs. 17a and 18 a), the meshes ofwhich are filled with 
a transparent gelatinous substance; hut immediately 
around the couceptacles the cells are shorter and 
more closely packed. The spores {fig. 19) are arranged 
ia the couceptacles in a radiate manner; they are 
brown, and surrounded by a colourless sac, called the 
perispore ("Trepl, around, (rrropa, seed) ; and between 
them are numerous slender, colourless, jointed fila- 
ments, the paraph'ysea. The spores are not, how- 
ever, truly single spores, for they ultimately divide 
into eight segments or sporules, each of which is 
capable of producing a new plant. 

In the couceptacles of some fronds of Fucus no 
spores will be found, the couceptacles (fig. 18) being 
filled with elegantly branched colourless filaments 
(fig. 20), the ends of many of them being distended 
into httle yellowish sacs ; these are the antkeritfia. 
The antheridia contain large numbers of exceedingly 
nuBute spermatozoa, furni'ihed with two cilia, and 
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very similar to those existing in the antheridia of the 

mosBes ; these, escapiDg through the pore of the con- 
ceptacle, fertilize the spores. 

The figure (20) iu the plate was drawn from a con- 
oeptacle of Pucus serrdtit^, another common species, 
differing from F. vesiculosug in having the margins of 
the frond serrate ; the antheridia of the two species 
do not, liowever, difiVr in any important respect. 
To examine the conceptacles of Fucus and their con- 
tents, the receptacles should be soaked in water, if 
not fresh, and thin sections made with a sharp knife. 
They form very heautifiil objects, and may be pre- 
served in chloride of calcium or glycerine. 

Flobid'e^, or Rhodosper'meiE [poZov, rose, tnrka- 
/ut, seed). — The second Order of Algse, forming the 
Floridcffi (flos,& flower), comprises the red sea- weeds; 
a few of them are purple, or greenish-red ; so that 1^ 
the colour alone they may be readily distingniahed 
from the Fucoida, and from nearly all those of the 
next Order, the Confer' voids. A few of them are leaf- 
like, or possess flat fronds ; but most of them consist 
of finely divided or feathery fronds. They are often 
found upon the sea-shore of a dirty white colour, the 
colouring matter having been decomposed or washed 
out by rain. 

We shall consider a few of the genera and species 
under the heads of the famiUes to which they belong. 

CoRALUNA'cEffi, the Corallines, or calcareous Algse. 
— In this family we have the beautiful Corallina orgi. 
cindlis (PI. IV. fig. 28), the common Coralline, which 
is very abundant on the sea-shore, attached to larger 
sea-weeda, shells, and rocks. It is hard and chalky, 
from the presence of a large proportion of carbonate 
of lime in its minute cells. The fronds are composed 
of jointed and branched filaments. The fructificatioa 
(figs. 39 and 30) consists of ovate cellular capsules, or 
ceramid'ia [Kepa/j-iov, earthen vessel), placed mostly 
at the ends of pinnate stalks, and containing a tuft 
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of somewhat club-shaped jointed spores^ springing 
.from the base of the capsules (fig. 30). When ripe, 
the spores escape from a pore or hole in the end of 
,the capsules. The spores are 4-jointed, aud hence 
-are called tetraspores {T€Tpa,four). 

To observe these spores, the capsules must be soaked 
in strong vinegar for some hours, and then washed 
with water, to dissolve the calcareous matter. 

Jdnia riibens (PI. IV. figs. 7 and 8) is another 
common and very elegant little coralline, and is of a 
pale red colour. It differs from the last in the branches 
being dichot'omous (St^a, in two, rofjuo^;, cutting) or 
forked, instead of pinnate. The capsules, or ceramidia, 
have also two short horn-like branchlets, placed one 
on each side, near the end. 

The genus Melobesia has the frond crustaceous, i, e. 
forming a hard crust or layer. M, polymor'pha (PL 
IV. figs. 5 and 6) is common on shells, stones, &c. 
The capsules (ceramidia) here form little blunt cones, 
scattered over the crusts, and containing the tufted 
tetraspores, as in Corallina. 

Lithoqfs/tis Allmarini (fig. 9) is very minute, and 
not uncommon upon sea-weeds, stones, &c. It con- 
sists of a single fan-shaped crustaceous layer of cells, 
closely investing the body to which it is attached ; its 
fructification is unknown. 

' Leaving the family of crustaceous Florideae, we 
shall now pass to those of softer consistence, although 
all the marine Algae contain a considerable quantity 
of calcareous matter. 

Bhodomela'cejs. — In this family we have the large 
fl&avL^Polysiph6niay in which the frond (PL IV. figs. 25 
and 26) is filamentous, the filaments being apparently 
jointed and longitudinally striated. The filaments 
are composed of rings of cells (fig. 27), arranged end 
to end, and containing dark endochrome. The ends 
of the colourless cell- walls separating the endochromes 
of the cells of adjacent rings produce the jointed ap- 
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pearance; while the striated appearance is caused hy 
the dark cells being elongate and the cell-iralls thick, 
so as to form white interspaces. 

The fructification consists of capsules (ceramidia), 
attached to the sides of the branches, containing pear- 
ehapcd spores, with tetraspores imbedded in swollen 
branches of separate plants. 

Pofysiphonia fastigidta {fig. 25, a sniaU piece) ia 
common, attached to the fronds of Facua. Its fila- 
ments are rigid, bristle-like, of the same breadth 
throughout, forked,and forming globular brown or yel- 
lowish tufts, from 2 to 4 inches long. The joints are 
broader than long, each with 16-18 of the dark cells. 
In the centre of the branches of this sea-weed is i 
row of curious objects (fig. 26 a), consisting of a dark- 
coloured body surrounded with irregular spiny mar- 
ginal processes, and with a colourless short process 
above and below. These require further investiga- 
tion. 

P. nigre/fcena is also common among masses of sea- 
weeds. Its filaments are brown, pinnate, the branches 
awl-shaped, and the joints about as long as broad. 

Dusya coccin'ea (PL IV. figs. 1 and 2, representbg 
small portions of a filament) is a very common fila- 
mentous red sea-weed of the same family. The fila- 
ments are 6-8 inches long, and bipinnate, — the lai^r 
ones somewhat resembUng those of Polysiphonia, in 
being composed of parallel longitudinal cells, arranged 
round the centre, but containing also smaller inter- 
mediate cells ; while the smallest branches (fig. 2), 
which arise in tufts, consist of a single row of cells, 
little longer than broad. The fruit consists of ovate 
capsules (ceramidia), placed at the base of the branches, 
and containing a round mass of spores. There is also 
another kind of fructification, occurring on distinct 
plants; this is formed of one or two rows of tetra- 
sporcs, immersed in pod-like capsules, called stickitPia 
(aTij(p^, row). 
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Dblesseria'cbje.— ^In this family, the typical or 
most highly developed genus of which, DelessSria, has 
beautiful leaf-like rose-red fronds, we shall examine 
the comimon Plocdmium coccin'eum (PI. IV. figs. 23 
and 22). This is of a fine red colour ; the fronds are 
from 2 to 12 inches long, and consist of numerous 
branched and bushy filaments. These are compressed, 
with the branchlets arranged in alternate rows on the 
two margins of the stem. The end branchlets are 
acute and pectinate (pecten, a comb), or arranged 
like the teeth of a comb. The cells of which the fila. 
ments consist are smaU and angular, giving the surface 
the appearance of being elegantly netted under a high 
power. The fruit (fig. 22) consists of globular cap- 
sules, called coccid'ia {kokko^^ a berry), placed in the 
axils or forks at which two branches separate, and 
containing a mass of angular spores. There are also 
tetraspore-pods (stichidia), as in Dasya ; and tetra- 
spores (fig. 24) in little leaf-like altered branches 
,(fig. 21), called spor'ophylles {<nropa^ seed, </)uX\ov, 
leaf), and antheridia are present. 

Rhodymenia'ce^. — ^In this family we have Hyp^nea 
purpurasfcens (PI. IV. fig. 35). The filamentous pale 
purple frond of this sea- weed is from 6 inches to a 
foot or more in length, the branches being alternate 
and spreading. The fructification consists of capsules 
or coccidia (fig. 32), immersed in the branches, and 
containing the spores (fig. 34). Tetraspores also 
occur in the cells of the surface of the filaments. 

CERAMiA'cEiB. — ^This is the last family to be noticed, 
Cerdmium noddsum (PI. IV. figs. 10 and 11), which 
belongs to it, is a most delicate and elegant filament- 
ous sea- weed, commonly found attached to other sea- 
weeds. The filaments are hair-like or capillary, irre- 
gularly dichot'omous ; they consist of colourless cells, 
3 or 4 times as long as broad, and with thick walls. 
The junctions of the cells are swollen (fig. 11), and 
covered with very minute dark red cells, giving them 
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a knotty and jointed appearance to the naked eye or 
under a low power. The globular capsules, or favel'/a 
(/awM,a honeycomb) .containing the numerous spores, 
are situated at the ends of the branchlets, and the 
tetraspores (fig. 11) in twos or threes on the outer 
margins of them. 

In Cerdmium ruhrum, which is also very common, 
being found attached to stones, rocks, and the larger 
Alg^e, the filaments (PL IV. fig. 12) are stouter than 
in C. nodosum, branched so as to form tufts from 2 
to 10 inches long, and their ends forked, with the 
tips hooked inwards (fig. 1-1). The central cells of 
the filaments are large and rounded, and their waJls 
are entirely covered with a layer of very small angular 
red cells. 'rheglobularcapsules(fig. 15), or/at;e//«, are 
situated on tlie suter surface of the branches, stalked, 
and supported by 3 or 4 short branchlets. The tetra- 
Bpores (fig. 13) are imbedded in the branches, towards 
the ends. The capsules called favellse differ from 
the coccidia in the walls being simply membranous, 
while the walls of the coccidia, like those of the cera- 
midia, are composed of cells. 

The tetraspores are usually imbedded among the 
cells of the superficial layer of the filaments, and are 
not very easily recognized by an unpractised eye ; it 
will be observed in the figures that they are some- 
times cleft horizontally, at others obliquely. 

Con FEE vein's^. — This Order consists principally of 
the green freshwater Algie, although some of them 
are yellowish brown, purple, or red, and some are 
marine. Their general structure may be best illus- 
trated by selecting certain common examples from 
the families composing the order. The families are 
13 in number. The species which are figured in the 
plates are found in fresh water, except when other- 
wise stated. 

Conferva'ce^. — On removing some of the soft 
green matter foimd adhering to the stems of water- 
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Fbbshvatbb Alqm, 



Fig. 

1. Conferva Jloccosa, single filament. 

2. Lynghya muralisj sinorle filament. 

3. Xflothrix mucosa (?), nlament. 

4. Synedra radians, prepared frus- 

tules. 

5. Synedra radians, tuffc of natural 

frustules. 

6. Cladophora crispata, with zoo- 

spores (a). 

7. Batrachospermum mwdliforme, 

portion of filament. 

8. Batrachospermum moniUforme, 

filament. 

9. Closterium acerosum. 

10. Drapamaldia ghmerata, 

11. Spirogyra quinina. 

12. Spirogyra nitida, filaments con- 

jugating. 
18. Zygnema crudata, 
14 Cdeochcete scutata, 
16. Xanthidia in flint 

16. Micrasterias rotata, 

17. Oomphonema aeuminaUim, 



Fig. 

18. Gon^honema aeutmnatwnt F^ 

pared frustules. 

19. Ankistrodesmtis falcaius. 

20. Pediastrum Boryanum, 

21. Hyalotheca dissiliens, 

22. Pinnidaria viridis, 

23. FragUaria capucina, 

24. Fra^gUaria capucina, prepared 

frustules ; «* side view of T' 
virescens, 

25. Scenedesmus quadricattda, 

26. Schizogonium, probably a form of 

Lyngbya, 

27. Campj/lodiscus costatus, 

28. Nitzschia minutissima, firontview. 

29. Nitzschia minutissima, valves^ 

30. JEpithemia turgida. 

31. Diatoma elongatum, natural £ra8- 

tules. 
82. Diatoma elongatum, ipt&^9xedto»' 

tules. 
33. Coceoneis plaeentula. 
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plants in any pool or pond, one of the species of Con- 
ferva, C. flocculosa, is almost sure to be met with. 
On close inspection with the naked eye, the green 
filaments of which it consists are just visible, as ex- 
tremely fine, soft, silky threads ; and, under a high 
power of the microscope, the filaments are seen to be 
nnbranched, and composed of a single row of cells 
(PL V. fig. 1), or joints, aa they are called in technical 
works ; these are 2 or 3 times as long as broad. In 
some specimens the joints are swollen, so aa to present 
a rounded outline. In another common species, C. 
bombyifina, the filaments are somewhat more slender, 
and the joints are from 3 to 5 times as long as broad. 

Cladoph'iira erispdta. — This Coufervoid forms large, 
entangled, duU-green masses, composed of branched, 
tufted, somewhat rigid and coarse filaments. It is 
often a troublesome overrunner of the fresh-water 
vivarium. The filaments arc composed of thick-walled 
cells (PI. V. fig. 6), from 4 to 6 times as long as 
broad, and often containing minute starch -granules. 

The Confervacese have two modes of reproduction. 
The first of these consists in the division of the endo- 
chrome of the joints into a number of distinct seg- 
ments, each of which becomes furnished at one end 
with two very slender cilia (PI. V. fig. 6 a). After a 
time, these ciliated bodies, which are called zo'osporea 
(^uav, animal, a-n-opd, seed) or gonidHa {'jovij, seed, 
elSov, resemblance), escape from the cells either by 
their rupture or through a papiEary orifice, and swim 
about in the water, ultimately losing their cilia and 
growing into ceUs resembling those of the parent 
plant. In the second method, which occurs, for in- 
stance, in Conferva bombycina, certain of the joints 
enlai^ so as to become rounded or inflated ; their 
endochrome then becopies coated with a new cell-wall, 
and so forms a spore, which subsequently escapes 
firan the cell and germinates, 
I Ch£tofeora'ce£, — Drapamal' dia fflomerdta forms 
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small green jelly-like masses^ adhering to sticks and 
stones in water. These consist of branched filaments 
(PI. v. fig. 10)^ prolonged at the ends into colourleBi 
hair- like ])oints^ and composed of single rows of oellfl^ 
the green endochrome forming a band across the 
middle of each cell^ the ends being colourless. 

In Coleochcefte scutdta (PI. V. fig. 14) the cells are 
closely united^ so as to form a minute flat green disk. 
In the natural state^ this beautiful little object adheres 
to the submerged leaves and stems of water-plants, 
and is therefore difficult to be found. But if a fev 
healthy water-plants be kept for some time in a glass 
jar^ the little ColeocJuBte, which is about as lai^ as 
a pin^s head^ will often be found adhering to the side 
of the glass. 

Bat'r.vchosper'me^. — The members of this fimily 
resemble to the naked eye the little masses of Drapat' 
naldia, and they are found in the same locahties. 
They are of various colours, being green, brown, 
purple, or red. They consist, as in Bafrachospei'ndm 
monilifor'me (PI. V. fig. 8), of branched filaments, 
which have a knotty appearance under a low power. 
The larger filaments are composed of ceUs arranged 
end to end, the knots consisting of numerous smaller 
whorled filaments, i. e. filaments arising from around 
them at the same level (fig. 7). The cells composing 
the whorled filaments arc beaded or moniliform, and 
are prolonged into colourless hair-like points. The 
globules seen among the branches (fig. 7) consist of 
groups of spores. 

Zygnema'ce^. — The members of this family re- 
semble the Confervacese in consisting of simple cel- 
lular filaments (Pl.V.figs.11, 13), but differ from them 
in the elegant arrangement of the endochrome : thia 
forms beautiful spiral bands, as in Spirog'yra quinina 
(fig. 11), or star-shaped masses, as in Zygnefma cru- 
ciJta (fig. 13). A remarkably curious phenomenon 
met with in them is the manner in which the spores Jiie 
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formed, and which is known as conjugation. In this 
process the opposite cells of two distinct filaments^ lying 
Xiear together, push out protrusions of the cell- walls, 
which meet and open into each other, forming cross 
tubes, as in Spiroffyra nitida (PI. V. fig. 12), The 
contents of the opposite cells of the filaments then 
^nite, forming large spores, which remain either in 
the cells of one pf the fiLaments or in the cross 
tubes. 

The three species figured are common in clear 
pools. 

Desmibia'ce^. — ^The Desmidiaceae are truly micro- 
scopic, few of them being even perceptible to the naked 
ejre without the very closest examination. They are 
very beautiful, on account of their bright green co- 
lour and often elegant forms. Many of them are 
very common, existing in every pond or ditch; but 
they abound most in clear open boggy pools on heaths. 
On placing some water containing them in a glass 
jar and exposing it to the Ught, they wiU often be 
found adhering to the glass, or forming a layer on 
the surface of the muddy sediment. 

The Desmidiacese consist mostly of single cells 
(PI. V. figs. 9, 16) ; and these consist of two equal halves 
or segments, as indicated either by a paleness of the 
endochrome or a deep constriction at the line of 
junction, which is called the suture. The cells are 
often elegantiy lobed and cut, or spiny; and in 
many the surface exhibits minute markings, consist- 
ing of little protrusions of the cell-wall outwards, or 
inflations, as they are called. 

Their reproduction is eflTected by division and con- 
jugation. In the process of division the cells gradually 
separate at the suture, and a new half-cell is formed 
upon each old half, which grows until it attains the 
size and form of the original half of the parent-cell. 
The conjugation is eflTected by two cells approximating 
so that their sutures are near together, the cell^ then 
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open at the sutures, and the effiised contents become 
uni^ to form a spore or sporange, from which one 
or more individuals are formed. These spores are 
often elegantly spinous on the surface. 

Among the species selected for illustration is CloS" 
terium acerdsum (PL V. fig. 9), in which the cells are 
single, elongate, venr slightly curved or lunate ; the 
endochrome forms long bands, often containing nu- 
merous globules or transparent vesicles. At each 
end of the cells is a roimd transparent vesicle, con- 
taining exceedingly minute granules, which exhibit a 
trembling kind of motion. Between the cell-wall 
and the cell-contents very fine currents may also be 
detected, forming a circulation resembling that in the 
hairs of Tradescantia. 

In MicraatSrias rotdta (PL V. fig. 16) the cells, 
which are single, are deeply cleft into two segments 
at the suture, the segments being again regularly cut 
into five lobes, which are toothed or dentate. 

In HyalothSca dissitiens (PL Y. fig. 21) the cells 
are imited into a cylindrical filament, and are sur- 
rounded by a very delicate gelatinous sheath. In 
AnkistrodeJm'us falcdttts (PL V. fig. 19) the cells re- 
semble those of Closterium in shape, but are aggre- 
gated into faggot-like bimdles, and are very much 
smaller. In the beautiful little Pedias/trum borydnum 
(PL Y. fig. 20) the ceUs are aggregated into a disk, 
the tnai^inal cells being bidentate or having each two 
points, so that the whole resembles a star. The species 
of Pediaatrum are reproduced by the contents of each 
cell subdividing into numerous ciliated segments or 
zoospores, which subsequently escape in a mass from 
the cell, ultimately losing their ciUa, and reuniting 
to form a new individual. 

In Scenedea'nms quadricau'da (PL V. fig. 25) the 
oblong cells are united, side by side, the outermost 
ceUs being furnished with a bristle at each end. The 
division of these cells takes place obliquely, so that 
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in. the divided groups the cells are situated in two 
Idtemate rows. 

The spores of many of the Desmidiacese are spi- 
nous, and they are often found fossil in flint (PI. V. 
fig. 15). To detect them in this substance, thin slips 
of flint may be examined under a half-inch power ; 
Or the chips of flint may be cemented to a slide with 
balsam, and ground down on a hone. 

The Desmidiaceae must be mounted in the moist 
state : the smaller ones will keep well in chloride of 
calcium; but the larger ones are injured both by 
that liquid and by glycerine. The remarks made upon 
mounting, at page 15, are especially applicable to these 
delicate oi^amsms. 

Diatoma'ceje, or Siliceous Algae. — ^The members 
of this family are singly very minute ; but when ex- 
isting in large numbers, as they are often found at 
the bottom of ditches and ponds, on the submerged 
stems of water-plants, or upon damp ground, they 
form yellowish-brown evident masses or strata. They 
occur both in sea- and in fresh water. They usually 
consist, like the Desmidiacese, of single cells, which 
are called frustules. But they are especially charac- 
terized by the cell-walls being imbued with silica or 
flint, so that if the frustules be heated to redness upon 
the point of a knife or a slip of platinum-foil, winch 
destroys the oi^anic part of the cells, the coat of 
silica remains, exhibiting the perfect form of the 
original cells or frustules. The form of the frustules 
is very different in the various genera and species, as 
represented iu PI. V. figs. 22, 23, 27, 30, 31, and 
PL VI. figs. 16, 17, 23; and it will be noticed that, 
in the figures, two views are given of each frustule, 
/indicating the front view, and 8 the side view. In 
all the front views, as in PI. V. fig. 22, one or more 
lines will be observed running longitudinally down 
the middle of the frustules, and corresponding to the 
indications of division existing in the cells of the 
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Desmidiaceie. Each half of a frustule is called a 
valve, and the line at which these valves meet la 
called the suture. That side or aspect of the fhistule 
in which the suture lies (fig. 22/) is the front vUk; 
and the other aspect of the frustule {fig. 22 *) is the niie 
view. The frustules are mostly four-sided — ^the main 
breadths of the two opposite valves forming two rides, 
and the bent margins of the valves, with the back and 
front of the hoop, forming the two other sides ; so 
that the view presented by the side of a frustule is tbe 
same as that of a single valve. The suture is the line at 
which the division of the frustules takes place in tlie 
formation of new individuals. In this process the 
cell-contents divide into two parts, as in ordinary endo- 
genous cell-formation, — the two new surfaces tlma 
produced becoming coated with a new portion of cell- 
wall or valve, so that two frustules now occupy the 
place of the original one. At the same time a silice- 
ous baud, encircbng the frustides at the line of suture, 
is formed to fill up the interval between the edges of 
the parent valves; this is the Aoop (PI. V. fig. 22/j 
PI. VI. fig. 10/), and beneath it lie the two newly 
formed valves. In many cases I beheve that eadi 
half-frustule becomes coated with a new entire cell- 
wall, with its siliceous valves. 

The fmstules of the Diatomacete are constantly 
undergoing division when in vigorous growth. After 
the frusttiles have divided, the new ones either sepa- 
rate entirely, as is perhaps most commonly the caaej 
or they remain united, sometimes completely, so as 
to constitute a filament (PI. V. fig, 23), while at others 
the frustules cohere only at the angles {PI. VI. fig. 
23), so as to form a zigzag chain. 

In some species, the frustules are attached to foreign 
bodies by means of a gelatinous cushion (PI. V. fig. S ; 
PI. VI. fig. 7) ; while in others they are situated npon 
a simple or branched gelatinous stalk (PL V. fig. 17] 
or stipes {stipes, a stem). 
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When the frostules are examined in the living 
itate^ the cell-contents resemble those of ordinary 
iregetable cells^ excepting in regard to the colour^ and 
exhibit grannies and globules^ and sometimes a nucleus 
LS visible. It will also be noticed that many of the 
Gree frustules move slowly across the field of the 
microscope j but the cause of the motion is unknown. 

When the frustules have been properly prepared, 
the surface of the valves exhibits a number of coarser 
or finer markings, consisting of dots, lines (striae), 
flutings, or networks, &c., arranged with great re- 
gularity and symmetry, often of extreme minuteness, 
and rendering them exquisite objects under the mi- 
croscope. The exhibition of these markings requires 
not only that the valves shall be properly prepared 
and mounted, but that the object-glasses be of good 
quality, and that the management of* the light be 
dioroughly understood; so that to a beginner, their 
examination is often a matter of great difficulty ; for 
Oioly the very coarsest or largest of these markings 
can be perceived in the natural frustules. 

The appearance of these markings, and even their 
apparent absence or presence, frequently depends 
Tipon the kind of illumination used : thus, imder one 
kmd of illumination the valves may appear simply 
white or coloured, while under another they appear 
covered with lines, and under a third with dots. It 
will often be observed, also, that the colour of the 
valves varies according to the illumination and the 
power used-the same valve appearing wWte, yeUow, 
brown, blue. Sec; and the wet or dry state of the 
frustules often cause a decided difierence in their ap- 
pearance as regards colour. 

To illustrate the forms and markings of the frus- 
tules and valves, we may select the following species 
taking first those which occur in fresh water. 

In EpUUma tur^gida (PL V. fig. 30), the side- 
view or valve («) exhibits transverse or slightly radia- 
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ting lines, with intermediate rows of dots — these 
markings being continued over the margina of the 
valves so as to appear also in the front \iew (fig. 30/), 
ceasing at the hoop. The fruatules are curved or 
arcuate {ar'cus, a bow) in the side view, oblong and 
narrowed at the ends in the front view. 

In Fragildria capucma (PI. V. fig, 23), which is «■ 
tremely common in freah-water pools, &c., the frns- 
tulea are united side by aide into long filaments, 
which are often twisted. In the separate and pre- 
pared frustule, the front view (PL V. fig. 2i/) is rect- 
angular, the valves {«) being narrowly lance-shaped 
or lanceolate. The valves under ordinary illumina- 
tion appear colourlesB and without markings, but, by 
proper management of the light, very fine transverse 
striBB are eeen upon them, consisting of rows of very 
minute dots. Fig. 24 s* represents the valve of Fra- 
ffilaria vires' ceng, a nearly allied species. 

Dia^oma elongdtum (PI. V. fig. 31) is often found 
with the' above. Its frustules are coherent at the 
angles. The front view (fig. 32 /} is rectangulw, 
oflen slightly narrowed in the middle ; and the valves 
are narrowly linear, and capitate at the ends ; they 
are also transversely striated. 

In Synedra splen'dens (PI. V. fig. 5) the frustules 
radiate from a soft gelatinous cushion. They are 
linear in the front view (fig. 4^), the valves (fig. 4j) 
being gradually narrowed or attenuated from the 
middle to the ends, and exhibit transverse striie 
interrupted opposite a middle longitudinal line. 

In Campylodis' cm costdtus (PI. V. fig. 27) the firus- 
tules are disk-shaped and curved, so as somewhat to 
resemble a saddle. The markings consist of central 
dots, with radiating coarse flutings. 

Nitzschiaminutia'aima (PI. V, fig. 28) has obhque 
valves, i. e. the front half of the suture is not opposite 
the back portion ; the valves (fig. 29) are constricted 
in the middle, and the ends narrowed and prolonged. 
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The markings consist of a row of oblong dots or 
puncta (punctunij a point). This species often forms 
yellowish layers upon damp paths^ &c. 

In the next group, the valves have a longitudinal 
line running down the middle of the valves, with a 
little knob or nodule in its centre (PL V. fig. 22«), 
both consisting of internal thickened portions of the 
valves. 

In CocconBs placenf tula (Pl.V.fig.33) the valves are 
oval, and the markings consist of longitudinal rows 
of minute dots, with a marginal row of puncta ; these 
markings are invisible under ordinary iUumination. 

InGomphonema acumindtum (Pl.V. fig. 17) thefrus- 
tules are attached to a branched stalk (stipes) ; they are 
wedge-shaped or cuneate {cunetis, a wedge) and trans- 
versely striate (fig. 18), the striae consisting of dots. 

In Pinnuldria vi/idis (PL V. fig. 22), which is very 
offcen seen slowly traversing the field of the micro- 
scope when a drop of pond- water is examined, the 
^rustules in the front view are linear, the valves being 
elKptic oblong, and transversely striated, the striae 
consistii^ of furrows. 

In Gyrosig'ma {Pleurosiff'ma) attenudtum (PL VI. 
fig. 16) the valves are sigmoid, or somewhat resemble 
a Greek 9 (sigma) in outline, and the markings con- 
sist of rectangularly crossed rows of very fine dots; 
in the front view, the frustules are linear-oblong with 
truncate ends. 

Tabelldria flocculdsa (PL VI. fig. 23) has the frus- 
tules adherent only at the angles, as in Didtoma. They 
are rectangular, and in the front view exhibit a row 
of longitudinal dark lines interrupted in the middle; 
these have been compared to the vittse of the firuit of 
the Umbelliferae, and have received the same name. 

Among the marine species may be mentioned 
Melosira rmmmuloides (PL VI. fig. 9), in which the 
frustules are united .into a chain or cvlindrical fila- 
ment. This is very common among sea- weeds, &c. ; 
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and it illustrates well the process of division of tbe 
irustules (fig. 10/), The valvea are covered iritli 
fine dots, and near each end of the frustules is 
a projecting rim encircling it, and appearing as a 
curved line extending beyond the margin of the 
fruatule in the front view. In Aclinocy'clia un- 
duldius {PI. VI, fig. 5) the frustulcs are separate, 
disk-shaped, and the valves are divided into six eqiml 
parts by six rays, each alternate portion of the surface 
of the valves being situated on a lower level than 
those adjacent, so that an alteration in the focns ib 
required to bring into view the dots on any two ad- 
jacent divisions of the valve. The surface of the 
valves is covered with easily recognized dots. The 
form of the surface is best seen in the front view 
{fig. 5 f) when the frustule is placed on its edge. 

Rhabdonema arcudium (PI. VI. fig. 7), which is 
very commonly found attached to sea-weeds, resem- 
bles Tabellaria in the frustulcs having the vittffi 
{PI, VI. fig. 8/). The fnistules form short filaments, 
attached by a little gelatinous cushion. The valves 
have transverse stride, interrupted in the middle 
(fig, 8.). 

Gyrosig'ma (Plevrosiff ma) fl«irMMwm{Pl. VI.fig.I7) 
resembles G, attenudtum in the sigmoid form ; but the 
markings consist of lines crossing each other obliquely; 
and these are resolvable into rows of dots (fig, 17 a) 
under suitable illumination. 

In CoBcinodiffcua radidlus {PI, VI. fig. 3} the frus- 
tulcs are disk-shaped, the valves being elegantly 
sculptured with easily recognized cell-like markings 
or dots, so as to resemble a piece of vegetable cellular 
tissue. But in some other species tbe dots are very 
minute, and difficult to be shown satisfactorily. 
These markings consist of depressions or pits in the 
surface of the valves. That this is the case may 
easily be seen by examining a fragment of the valve, 
when the shadings of the broken ends of the m ' 
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thicker portions^ which project like teeth, strongly 
contrast with the difficultly distinguishable portions 
of the thin interspaces. The fossil forms from the 
Bermuda deposit are best for the investigation of 
this structure : many of these are extremely beautifiil 
microscopic objectsftheir markings resembling those 
on the engine-turned back of a watch. 

The detection of the finer markings of the Diato- 
macese, which, according to my view, consist of de- 
pressions like those upon the valves of Coscinodiscus, 
is a matter of great difficulty to those who are un- 
accustomed to the use of the microscope, and who 
have not a complete set of apparatus. The main 
point to be attended to in bringing them into view, 
is to use one-sided oblique light, i,e. to turn the 
mirror by its stem as much as possible to one side, 
and then to incline it so as to throw the light upon 
the object. In this way the valves of the species of 
Gyrosigma, for instance, appear covered with Unes 
(PI. VI. figs. 16 and 17) ; but the lines are spurious, 
i. e. they are the optical expression of rows of minute 
dots (figs. 16 a, 17 a) ; and when oblique light is 
thrown upon the valves from all sides, by means of a 
special achromatic condenser, in which the central rays 
are excluded, the dots become distinct, and the mark- 
ings resemble those on the valves of Coacinodiscus. To 
show the finer dots clearly, a valve should be crushed, 
so as to obtain a fragment as fiat as possible ; for the 
surface of the valves is curved more or less in all the 
species. The valves of G. angulatum are generally 
used to test the quality of the object-glasses of the 
microscope, and also for practice in " making out '' 
the lines and dots ; there are, however, many Diato- 
macese more difficult. 

As the nature of these paarkings is a disputed 
point, the discussion of which is not adapted for an 
elementary work, I must refer for farther details to- 
the ' Micrographic Dictionary } ' it may be remarked. 



however, that some obBcrvera have regarded them is 
cells, and others as elevations or tubercles on the 
surface of the valves. 

The preparation of the valves for showing the 
markings should be effected by burning the frustoles, 
or the mass containing them, on a atrip of platinom- 
foU over a spirit-lamp. The incinerated mass shonld 
then be transferred to a alide, and the valves separated 
with the greatest care by a bristle moimted in a bar- 
pencil stick under a low power of the microscope. 

This is, however, a substitute for the proper method, 
which is dangerous in the hands of one unpractised 
in chemical manipulation. It is this : — The mass of 
Diatomaceee (the water containing it having been 
carefully poured off as far as possible) is put into ft 
Florence oil-flask, and strong nitric acid (aquafortis) 
gently added, more than sufficient to cover it. The 
mixture is then carefully boiled over a spirit-lamp 
for some time. When it is cold, distilled water is 
added, the whole shaken, and allowed to settle. The 
watery part is then gently poured off, more water 
added, and this poured off after settling, and the pro- 
cess repeated until a drop of the water evaporated to 
dryness on a slide leaves no residue. The Diato- 
macese then form a white sediment at the bottom of 
the water, and can be transferred to a slide with a 
dipping-tube. The drop is then dried with a gentle 
heat, and the valves mounted as dry transparent 
objects (p. 12). 

If the valves have coarse markings, they may be 
mounted in balsam ; but if the markings are fine, 
balsam makes them much more difficult of detection. 

Many of the most beautiful Diatomacese are found 
in the fossil state ; aud specimens of these are sold 
already mounted. 1 would advise those unacquainted 
with them to purchase a slide of the " Bermuda " or 
"Richmond" earth, which abounds in the species 
of Coacinodiscus ; and of the " San Fiore deposit," 
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which contains many species of Bohemia, Navicular 
Pinnularia, &c. These may be procured from Mr. 
(Torman^ 178 City Boad^ or from the microscope- 
cnakers. 

Volvocin'e-«. — The Volvocine« are inhabitants of 
dear fresh-water pools^ on heaths and bogs. They 
are very minute, of a rounded or plate-like (tabular) 
form, of a green colour, and are pretty readily distin- 
guished from most of the other Algse by their free 
motion ; for they swim about in the water like animals, 
as which they were formerly considered. They consist 
usually of groups of thick-walled soft cells, each being 
furnished with one or two cilia, by means of which 
the movement of the compound bodies is produced. 

In the beautifril Volvox globdtor (which is not 
uncommon) the cells form a hollow sphere (PI. VI. 
fig. 18), studded with exceedingly minute green spots 
or zoospore-like bodies, representing the green endo- 
chrome of the component cells, and from each of 
which very fine radiating lines extend, so as to give 
the surface a netted appearance ; the Imes consisting 
of delicate processes of the endochrome, which may 
be compart with those existing in the cells of the 
hairs of Tradescantia, In the interior of the parent 
globes are often seen several yoimg organisms, usually 
eight, of a deep green colour ; these escape by the 
rupture of the parent, so as to form independent 
beings. Sometimes they are found of a yellow 
colour, and frimished with a thick transparent coat; 
these are called '^resting spores,'^as they remain for 
some time before undergoing their full development. 

The cilia of Volvox ^ of which there are two to each 
of the component cells, are difficult to detect ; they 
are best seen when the organism is dried without a 
cover, or after moistening them with a little solution 
of iodine, which dyes them brown. 

Synura volvox (PI. VI. fig. 13) is a still more 
minute member of this family, and is often found 
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roiling along among C(Mt/CTr«. The greenish zoospore- 
like bodies of this Alga have one cilium only, and 
BiiBe from a common centre by a narrowing of the base 
(fig. 14). 

In GoTtium pectordle (fig. 11 a) the green bodies, 
which are sixteen in number, and furnished each with 
two cilia, are grouped into a flat square plate ; and in 
the very minute Gonium tranqmllum (fig. lie} these 
bodies are also sixteen in number, and arranged in a 
tabular form, but are without cilia. 

Siphoxa'cejK. — The structure of this family may be 
illustrated by the genua Vaucheria, of wliich two or 
three species are common on damp ground or in 
freshwater pools, forming a green layer. At first 
sight, the filaments of wliich the little plants consist 
appear like those of a stout Conferva ; but on close 
examination they are found to be branched, and cot 
jointed, consiating of a single cell irom end to end 
(PI. VI. fig. 26). The reproduction is eflected by 
the agency of two kinds of organs, antheridia 
and capsules (sporangia), situated near each other 
(fig. 26 a) on the walls of the filaments, of which they 
are protrusions or outgrowths — their cavities being 
separated from that of the filament by a partition 
or septum. The antheridia produce spermatozoa, 
and the sporangia each a sporcjthe one fertilizing the 
other in the ordinary manner. In addition to this 
method of fructification, zoospores are also produced— 
the ends of the filaments becoming swollen, the con- 
tents cut ofl' by a septum, and forming single lai^ 
zoospores covered with cilia, the further development 
of which resembles that occurring in the Confervacea:. 
Oscillatokia'cej:. — ^The members of this family 
are commonly found in stagnant water or on shaded 
damp ground, especially in the cold seasons of the 
year, foiming green strata or masses. 

OsciUatoria tmtumndlis (PI. "VI. fig. 1) occurs every- 
where upon damp shaded banks of ditches, espe- 



PLATE VI. [pAoi 84.] 

FbESHWATBB ALGiB. 



1. OseiUatoria auUmnalis, 

2. OsciUatoria nigra. 

8. Coscmodiscus radiatu8. 

4. Nostoc mimUimmum. 

5. Actinocyclm undulaUts, 

6. Bacterium. 

7. JRhahdonenia arcuatum, 

8. Bhahdonema arcuatum, prepared 

frustnles. 

9. Melosira nummuloides. 

10. Melosira nummulaideSf prepared 

frustules. 

11. a, by Oonium pectorale 5 11 c. Go- 

mum tranqmUum. 

12. &nrulina oscillarioides, 
18. Synura volvox. 

14. i^viura volvox, 

16. C^osi^mao^^emio^my front view. 



16. Grf/rogigma attenuatum, edde yifl^ i 

16 a, portion of a valve. 

17. Oyrodgma anguUxtum) 17a,p<^ 

tion of a valve. 

18. Vohox globator. 

19. Qkeocapsa. 

20. CRara vulgaris, globule. 

21. Chara vulgaris, portion of filft- 

ment. 

22. Chara vuharis, branch with Bti- 

cule and globule. 

23. TabeUaria^pocculosa. 

24. Tabdlaria Jloectdosa, prepared 

frustules. 

25. PahneHa cruerUa. 

26. Vaucheria Ungeri (sessiUs), 

27. Vaucheria Ungeri, capsule. 
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cially when newly made, forming a greenish-black 
closely adherent stratum. Under the microseope it ia 
seen to consist of innumerable palish-green filaments ; 
these are jointed or transversely striated, some being 
straight, others curved, the ends often exhiljiting a 
writhing or worm-like movement. The appearance 
of these fibres is peculiar, seeming as if they were 
solid throughout, and so differing from that of the 
Confervacese, in which the cell-walls are readily dis- 
tinguishable from the cell -contents. The fibres easily 
break across at the joints ; and the last few segments 
are often narrowed and rounded, so as to form a blunt 
point. When they have been left in water, they ex- 
hibit colourless tubular sheaths surrounding and 
extending beyond them. TTiese sheaths consist of 
the consolidated outer portions of the cell-walls; for 
when the cells undergo transverse division, and ex- 
pand by growth in the direction of the length of the 
filament, the original septa or inner walls are broken 
through, and their remains may often be seen on the 
inner surface of the sheath, appearing as little teeth. 

OscillfUoria nigra {PI. VI. fig. 2} is another very 
similar species, forming blackish- green masses, and 
is common in ditches. It has longer filaments than 
the last, with narrowed and slightly curved ends ; and 
the endochrome is distinctly granular. 

In two other genera of this family, Vih'rio and 
Spirulina, the filaments are spiral. Vib'rio apiritlum 
ia excessively minute, colourless, and found in decom- 
posing vegetable mixtures. The short filaments move 
rapidly through the water, with a corkscrew-like 
motion. In Spirulina oacillarioides (PI. "VI. fig. 12), 
which is more rarely found in clear pond- waters among 
Confervis, the filaments are greenish, and form a 
beautiful simple spiral, resembling that of a very 
slender spiral vessel. 

Lyng'bya mwdlis (PI. V. fig. 2) is very common on 
damp wdls, gravel walks, Stc, It forms a bright 
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grass-green layer, consisting of somewhat rigid cniHied 
filaments. The endochrome is usually broader than? 
long ; and the cells of the filaments are often found 
empiy^ the endochrome haying escaped in the form 
of gonidia* 

PL VI. fig. 6 represents a E^ecies of BactSrium 
which is not uncommon in decomposing vegetable^ 
liquids ; the filaments are shorty curved^ pointed at the 
ends, and have four joints. 

Fig. 26 represents a Schizogdnium, found upon 
damp paths. The filaments resemble those of Lyngbya, 
but are united in pairs. 

Fig. 3 represents a filament of a ITlothriXy which 
is common in freshwater pools^ showing the curious 
manner in which the endochrome is arranged in the 
cells, forming bands partiaUy Hning the cell-walls. 

NosTOCHA CE^. — Two spccics of the typical genus 
Nos'toc wiU serve to represent this family. Nob' toe 
commune is found on damp ground or in ponds, and 
forms to the naked eye firmiBh, olive-green, skin-like, 
plaited masses, an inch or more in diameter. Under 
the microscope it is seen to consist of numerous 
beaded fibres, imbedded in worm-like gelatinou9 
sheaths ; these are curved and interwoven to form the 
compound mass. In the middle of many of the fila- 
ments is an enlarged colourless cell, called the vesi- 
cular cell, which is related to the reproduction, but 
in a manner not vet determined. 

Nostoc minutis simum (PL VI. fig. 4) forms solid 
gelatinous bluish-green masses, varying in size from 
a pin's head to a pea; it is foimd upon unhealthy 
water-plants kept in glass vessels. The component 
filaments are very slender, wavy, and the ^heathsr 
often have a brownish tinge. 

Ulvacbje. — ^These Algae are mostly marine — some, 
however, being found in brackish or fresh water, or 
on damp ground, thatch, moss, &c. They are gene- 
rally of considerable size, forming flat or tubular 
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fronds^ often several inclies long^ a few being fila- 
mentous. They consist of one or more sheets or 
layers of ceUs^ containing mostly green endochrome. 
This at first fills the cells^ but subsequently becomes 
converted into single spores^ or subdivided into nume- 
rous ciliated zoospores. 

Utva latia'sima is very common on the sea-coast^ 
being found attached to stones^ shells^ &c It forms 
a broad, flat, green, rounded or oblong, thin firond, 
wavy and crumpled at the margins, and. from 6 to 
18 inches in length. The minute cells form two 
layers, adherent to each other. The zoospores formed 
are numerous in each cell. 

Enteromor'pha, compres^sa (PI. IV. fig. 31) is also 
common in the sea and in brackish ditches ; it is 
often found floating. The frond is green, tubular, 
flattened or compressed, and branched, the branches 
.being usually simple and narrowed at the base. The 
frond consists of two layers of minute cells, separated 
by a space rendering it hollow. The zoospores are 
numerous in the cells (fig. 32). 

PALMELLA'cEiE.— These Algse are found in fresh or 
>salt water, or on damp earth, wood, &c. They are 
green or red, forming round or irregular masses or 
strata. They consist of loosely connected cells, im- 
bedded in a gelatinous mass or matrix, thus forming 
a frond. 

Chlorococ' cum vulgdre (PI. II. fig. 1) is very common 
upon the bark of elm-trees, palings, &c., forming a 
^een granular crust. It consists of minute rounded 
or oval cells, mostly imdergoing division into twos, 
fours, or eights. These cells are attached to the 
' sides or ends of very fine colourless filaments. It is 
most probable that this organism, which is usually 
placed among the Algse, consists of the gonidia of a 
Lichen. 

Chlorococcum muror'um forms a somewhat similar 
.but scrft and thin green layer, upon damp walls or 
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other porous bodies. It coneiats of very minute o 
green cells, with thick walls, and imbedded i 
ends of prolongations of a gelatinous matrix. 

PalmeHa cruen'ta {PI. VI, 6g. 25) forms a portwine- 
red layer at the bottom of damp vails or on the 
ground. It is composed of pale red cells, imbedded 
in no definite order in a colom-less gelatinous matrix. 
The cells are filled with red granules, and are often 
found undergoing division. 

PI. VI. fig. 19 represents a species of Gkeocap'sa, 
in which the cell- envelopes do not soften and unite to 
form a gelatinous matrix, as in Paltnella and other 
members of the family, but are persistent. This 
species occurs in fresh water containing Confervse. 

Chara'ce*. — This family consists of the single 
genus Chdra, the systematic position of which is not 
agreed upon by anthors ; as however its structure will 
be better understood after what has been gone over, 
it may he conveniently considered here. 

There are several species of Chara, the one illus- 
trated, Chara vulgdrU (PI. VI. fig. 21), being com- 
monly found in ditches and pools. It consists of long 
main stems, often a foot in length, whiiih are branched, 
and surrounded at tolerably regular intervals by whorls 
of hranchlets. In some species, the stems and branches 
consist simply of elongated cells, arranged end to end ; 
while in others, of which Chara vulgaris is one, the 
central cells are surrounded by a number of narrower 
spirally arranged cells, forming an outer coating. 

The Chane have long formed interesting micro- 
scopic objects, on accoimt of the circulation of the 
protoplasm being visible in the cells, as in the hairs 
of TV adescaniia. This is best seen in those species 
in which the outer layer of cells is absent from the 
stems, and which were formerly arranged iu a sepa- 
rate gen us {Nilella) . But it may also be seen in the 
stems and esp ecially the young branchlets of any of 
the other species ; and as the granules of the proto- 
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plasm are large, the phenomenon is more eteUy wit- 
nessed than in TYadescantia. 

. The fructification consists of two kinds of organs^ 
viz. red globvies (PI. VI. fig. 22) representing the 
imther-organ^ and green capsules (fig. 22)^ or nucules, 
corresponding to the ovaries. The structure of the 
globules is very curious. Their transparent walls 
(fig. 20) consist of eight somewhat triai^ular plates^ 
each of which i& composed of cells radiating from a 
centre; and from the inside of each of these centres 
arises a tubular cell extending to the middle of the 
globule^ the unattached ends giving origin to nume- 
rous colourless coiled filaments^ consisting of minute 
cells arranged end to end^ each containing a very 
niinute coiled spiral fibre^ to which are attached two 
exceedingly slender cilia. These ciliated fibres are 
the spermatoeoa. The capsules or nucules (fig. 22)^ 
which are situated near the globules^ are urn-shaped^ 
coated with spiral cells, and crowned with five shorter 
cells. When the globules are ripe, they become rup- 
tured by the separation of the valves ; and the sperma- 
tozoa, escaping from the cells of the coiled filaments, 
swim about and enter a canal in the capsules to 
fertilize the ovule contained within. 

The Charm grow readily in a glass jar of fresh water, 
with a few pebbles at the bottom ; and if the plants 
be not overgrown with Confervoids, the fructification 
will continue to be produced almost throughout the 
year. 

The circulation is best seen in the whorled branch- 
lets, a portion of the growing ends being placed in a 
live-box, or simply laid upon a slide in water and 
covered with thin glass. 

Preservation, — The Algae are best preserved in two 
ways, — ^the entire fronds being dried upon paper imder 
pressure, as directed for the Ferns ; and small portions^ 
showing the minuter structures and fructification, 
being mounted in chloride of calcium or glycerine. If 
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it is required to preserve the marine Algae accordiiig to 
the first method^ they shotQd first be immersed for a 
time in firesh water^ to dissolve ont the saline matters 
derived from the sea-water^ which would keep them 
damp and ultimately spoil them. After these matters 
have been removed^ the firesh water should be changed^ 
and pieces of paper placed beneath them while stu- 
pended in the water ; on withdrawing the paper caie^ 
fiilly^ keeping the Algse at the same time spread out; 
they may be made to retain the required positioii; 
and when the water has drained away^ and the re^ 
maining moisture has mostly evaporated, they may 
1>e submitted to pressure in a press. 

The Confervoid Algse may be conveniently spread 
out upon paper and preserved in the same masxntst, 
as some of the distinguishing characters are founded 
upon their appearance in the dry state, llieir adhesi(m 
to the paper, &c. Moreover they can then at any 
time be minutely examined, by the immersion of a 
small portion in water. 
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The Lichens are found growing upon the bark of 
trees, old palings, &e. Those most easily seen 
with the nnJied eye form grey or coloured dryish 
patches or pendulous tufts; while the smaller ones 
are singly easily overlooked, from their minute size 
and close adhesion to the matrix or body upon which 
they grow, forming, by their aggregation, the grey or 
otherwise- coloured dry and brittle coatings of almost 
every tree or decaying branch. 

The Lichens derive their nourishment from the lur, 
and not from the matris — in this respect differing 
from the Fungi, with some of which, as we shall pre- 
sently see, they agree in the structure of the fruit. 

The structure of the Lichens is simple, no distinc- 
tion of rootjStem, and leaves existing in them, although 
certain dry root-like fibres exist in many of them, by 
which the plant is fixed to the matris. The whole 
consists mainly of a frond or thal'lus [OcOiXoi, a leaf). 
This is either raised above the surface of the matrix 
in a shrubby form, or spread upon the surface as a 
flexible lobed layer (PI. II. fig. 2), or it is dry and 
brittle (crustaceous) and closely adherent (PI, II. 
fig. 26). 

The fructification consists of little saucers, disks, or 
Btreak-Hke furrows, often of a different colour from 
the thaUus, the stmctnie of which will be best illus- 
trated by reference to a few common species. 

Parmelia'ceje. — Parm4lia parielma (PI. II. fig. 2) 

ia a very common Lichen, found on the bark of trees, 

r .ffliold palings, &c. It is of an orange-yellow colour. 



the thallus being flat, lobed, aud scalloped (crenate) 
at the margins. The structure of the thallus may 
serve to represent that of moat of the Lichens, It 
consists of three layers, — an upper cortical or epider- 
mic layer, which is continued over the marginis to the 
under surface of the thallus, to form the under layer; 
and between these is the middle or medullary layer. 
The medullary layer consists of interwoven films, 
which are more closely packed towards the upper and 
under surfaces, so as to give them a cellular appear- 
ance. Near the upper part of the medullary layer, 
a number of minute rounded green cells exist, lyiug 
loosely in its meshes (PI. II. fig, 4 a). These green 
cells (gonidia) appear to correspond to the buda of 
the higher plants, and, when detached from the plants, 
they are capable of growing into new individuals. 

On the upper siuface of the thallus of ParTneUa 
(fig. 2) the fructification may be observed. This 
consists of saucers or shields (apotkecia, atroB^mj, a 
repository), formed of a raised aud expanded portiiHi 
of the thallus (fig. 3), and containing the spores. 
The spores are enclosed in closely set upright cellsj 
or spore-sacs (figs. 4£ and 5 b), called as'ci (acxo;, a 
bottle) or thecse ; and intermingled with the asci are 
filaments, enlarged and coloured at the ends {para- 
physes), which are probably abortive asci. 

In systematic works upon the Lichens, the saucers 
and their contents are included in the term apothecia, 
the saucer alone being called iheexcij/ulum {excipubtm, 
a receiver) ; the mass of asci and paraphyses forming 
the nucleus or ihaldmium {daXafwi, a bed). 

The yoDow spores are very minute, each ascus am- 
taining eight of them, and they are divided by a trans- 
verse partition or septum. 

Near the margins of the lobes of the thallus are 
small dark points. These arc the pouting mouths of 
little capsules {spermogonia) sunk in the substance 
of the thallus, and containing numerous filaments, 
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terminated by very minute stick-shaped bodies {sper* 
matia)^ which break off and escape through the orifices 
of the capsules. These are probably the representa- 
tiy^ of we anthers of flowering plants and of the 
antheridia of the ferns. They are^ however^ so dif- 
ficult to find and examine^ that I must refer to the 
Dictionary for a further description and figures of 
them. 

Lecidin'e js. — This &mily contains the genus 
Claddma, three or four species of which are common 
on Ix^gy heaths^ banks^ &c.^ viz. Cladonia cocciferoj 
the Scarlet Cup-moss (Fl. II. fig. 21) ; C. pymddta, 
the Common Cup-moss (PI. II. fig. 23) ; C. vermicu- 
Ubris (PI. n. fig. 22) ; and C rangiferina, the Rein- 
deer Moss (PI. II. fig. 24) . The thallus of these Lichens 
forms little rounded irregularly overlapping scales^ 
with. scalloped edges^ overgrowing the surface upon 
which the Lichens are found. The fruit-stalks^ or 
podStia (ttov?, a foot), are hollow (fistulose), and 
either simple and dilated into cups (PI. 11. fig. 23)^ 
or branched with the comers or angles between the 
adjacent branches perforated. The apothecia in the 
young state resemble those of Parmelia on a small 
scale; but as they approach maturity, the centre 
becomes pushed up, so that the spore-layer is extended 
over the ends of the stalks. In C. coccifeta and 
pyxidata the cup& are proliferous at the margin ; e. 6., 
Immches upon which the apothecia are placed arise 
from it. The asci and paraphyses are very minute, 
but do not differ essentisdly in structure from those 
of Parmelia. In C. vermicularis the podetia are 
pointed and more solid than in the other species, the 
apothecia forming very minute spots at their apices. 

OfiAPHiD'EiB. — To this fianily belong Grdphis 
scripta (PL II. fig. 26) and Ope^rapha betuUna (PL II. 
fig. 80). These little Lichens are easily overlooked, 
fi^m the thin and but slightly raised thallus being only 
visible to the naked eye as a discoloration of the bark 
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of the trees npon which they grow ; while the fructi- 
fication is very minute, forming little black streaks 
or liret'Ue [lira, a farrow), irregularly arranged, and 
resembling somewhat the letters of some of the Ori- 
ental alphabets. 

In Graphis scripta (fig. 26) the thallus is tliin, 
somewhat membranous, smoothish, shining, greyieli 
white, and faintly bordered with black. The lireUs 
{fig. 27) are partly sunk in the bark, winding and 
narrow, aome being simple, others branched; and 
they are surrounded by a raised border, formed Iw 
the thallus. The lirellte are lined at the sidea with 
a black (carbonaceous) layer or exci^ulum, within 
which are situated the asci and paraphyses. The 
spores [PI. II. fig. 29) are 8-cleft, the segments b^itg 
again divided longitudinally into little spores or 
sporidia. 

In Opeffrapha betulina (PI. II, fig. 30), which ifl 
found on the bark of the birch-tree, the thallus ia 
thin, dirty yellowish white, bordered with black. The 
lirellse {figs. 31, 32) are mostly simple, without a 
raised border of the thallus, and the excipulum forms 
a complete lining to tbem. The spores (fig. 33 a) are 
3-cleft, and taper at the ends. 

Calici'eji. — Calii^ium claveSlum (PI. II. fig. 6) ia 
a pretty little Lichen, growing upon old boards and 
farm-buildings. The thallus ia granular and greyish 
white. The apotheeia (fig. 7) are stalked and black, 
but of a lighter colour than the mass of spores form- 
ing the nucleus. The spores are very minute, black, 
oblong, and divided by a transverse septum. 

Tlie Lichens are divided into two Orders, according 
to whether the apotheeia are open before the spores 
are ripe, as in the species noticed above, or whether 
the njiothecia only open to discharge the ripe spores. 
The first Order forms the Gymnocar'pi {yn/ivds, naked, 
vikfurw, fruit) ; the second forms tiie Angiocar'pi (aiy- 
tfJ/»\ v-ossel, capsule). 
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Preservation. — The Lichens are readily preserved, 
on account of their dry nature ; they need simply be 
kept in a dry place, and glued to pieces of card. If 
room is an object, they may be dried under pressure, 
as in the case of the flowering plants. When re- 
moistened, the minute structures may be easily made 
out by sections. The smaller ones may be mounted 
dry, in cells made of the wax cement (p. 16). The 
minute structures keep well in chloride of calcium or 
glycerine. 
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CHAPTER IX. 

FUNGI. 

The Fungi form the lowest class of plants : as ex- 
amples of them^ may be mentioned mushrooms, toad- 
stools^ puff-balls^ the mould of paste^ the blue mould 
of cheese, &c. The more minute Fungi are very 
common, forming beautiful microscopic objects, al- 
though they are rarely studied by the microscopic 
observer. 

Fungi live usually upon rotting or decaying vege- 
table substances, as rotten wood, the dead leaves imd 
stems of plants, &c. ; but sometimes they are found 
upon living plants, and some of them exist upon de- 
caying animal matters, and even in living animals. 

Fungi exhibit no separation of root, stem, or leaves, 
as exists in the higher plants; nor do they contain 
chlorophyll, the presence of which is so generally 
associated with the idea of a plant. But they consist 
of aggregations of mostly elongate cells, forming 
branched and interlacing colourless fibres, buried like 
roots in the substance (matrix) upon which they grow, 
and from which they derive their nourishment ; this 
portion of the Fungus is called the mycilium {fiuiaf^, 
a fdngus). The portion of the Fungus projecting 
beyond the surface of the matrix is the fructification; 
and this is the part usually called the fangus, the 
mycelium being overlooked by a casual obsijrver. So 
that here we have a character distinguishing the 
Fungi from the Lichens, which derive their iiourish- 
ment from the air, and not from the matrix^ The 
absence of the green cells, or gonidia, forms aiiother 



V. 



PLATE VII. [PAOB 96.] 

FUMGI. 



1. Agarietu micaeeus : a, gills. 

2. Agaricus eampestrts : a, spores ; 

bf basidia. 
8. Physarum aUnim, on a piece of 
stick. 

4. Physarum aUmmy spores. 

5. Uredo segetuniy spores. 

6. Uredo cartes^ spores. 

7. Uredo Candida, on leaf of Shep- 

herd's Pur8e( Capsella) : «, spores. 

8. .^cidium grosstduria, sorus. 

9. .Mcidiwm grosstdarinB : py spore- 

capsules (peridia): Sy anther- 
capsules (spermogonia). 

10. Nenuupora crocea : a, spores. 

11. Tonda casei, 

12. Torula herbarum, on a piece of 

stick. 
18. Tonda herharumy spores. 

14. Phragmidium btdbosum, on bram- 

ble-leaf. 

15. Phragmidium htdbosumy stylo- 

spores and paraphyses. 

16. Puecima graminis, on a piece of 

straw. 



Fig. 

17. Ihieeima gnnmms, spores. 

18. Sporoeybe akemata, filamwt and 

spores. 
10. Botrytis parasitica, on Shepherd's 
Purse. 

20. Botrytia parasitica, spores and fil- 

aments. 

21. Bhinotrichum, species of. 

22. Bhinotrichum, heads of spores. 
28. Bhinotrichum, spores detached. 

24. Bhinotrichum, spores. 

25. PenicHlium glaucum. 

26. PenicUUumglaucumfheadoispJ^ 

27. Coremium leucopus. 

28. Tubercularia vulgaris. 

29. Tuberctdaria vulgaris, divided re- 

ceptacle. 

80. Tubercularia vulgaris, filaments. 

81. Tubercularia vulgaris, spores. 
32. ^hteria fragiformis, 

88. Trichothecium roseum, on a piece 
of stick. 

84. IHchothecium roseum. 

85. Trichothecium roseum, filaments 

and spores. 
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character by which the nearly allied members of this 
class of plants can be distinguished. 

The fructification of the Fungi occurs in two dis- 
tinct forms^ in one of which the seeds or spores are 
naked^ and situated at the ends of slender cells or 
filaments^ whilst in the other the spores are contained 
in usually flask-like cells^ called asci^ similar to those 
occurring in the Lichens. In a few Fungi, antheridial 
organs, called spermogonia, as in the case of the 
Lichens, have also been detected. The Fungi are 
divided into six Orders, from each of which a few 
species may be selected to illustrate their structure 
more in detail, 

Hymbnomyce'tes (v/ti7v, membrane, /a V/V979, fungus). 
This is the highest Order of Fungi, containing a large 
number of genera and species; as examples of which 
may be mentioned the common Mushroom, Toad- 
stools, &c. 

Their general structure may be illustrated by the 
examination of the common Mushroom {Agar'icus 
campes/tris) ; the species figured (PL VII. fig. 1), how- 
ever, being Agaricu8 micdceus, which is common at 
the root of trees, the bottom of decaying posts, &c. 

The vegetative part of the fungus consists of a 
cotton-like mycelium, which is composed of slender, 
colourless, interwoven filaments, popularly known as 
the spawn. The portion commonly called the mush* 
room corresponds to the fructification, and consists 
of certain parts visible to the naked eye. These are 
an expand^ portion at the top, foxing a hemi- 
spherical cap, receptacle, or j9^/et<« {pileus, a cap), and 
a stalk, or stipes, upon which the cap is supported. 
On the under surface of the cap are a number of 
nearly parallel, radiating, dark-coloured plates or gills , 
somewhat resembling the gill-plates of a fish. The 
dark colour of the gills arises from the presence of 
the spores, which are coloured, although in some 
species they are white. The surfece of the gills, upon 
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which the spores are situated, is called the 
(i/fiijy, membrane). The spores (PI. Vll.fig. Z(^!iB*' 
microscopic and very minute, and are situated at'fte 
ends of little stalks or points (PL Vll.fig.26),ca]led 
alerig'mata (arrjpir/fiit, a prop), which are fonr in 
number, and consist of prolongations of the colourless 
cells of the hymenium ; and these cells are the basi^it 
ifiaal&iov, a little base). The detection of the basidis 
requires great care, as they are very minute and trana- 
parent; the best way to ohserye them is to cut a 
very small portion from the uninjured edge of one of 
the gills with a fine pair of scissors, and to examinfl 
it in water. If the ^lls have been bruised, the spores 
are easily rubbed off, and their connexion with the 
basidia destroyed. 

In the young state of the Mushroom, the fructifi- 
cation appears as little knobs upon the spawn or my- 
ceUura. Upon cutting these through perpendicularly, 
the cap and stalk are found to be enclosed in a skin 
or wrapper, called the voVva [volva, a wrapper), and 
the margin of the cap is continuous with the surface 
of the stalk, the connecting membrane forming the 
veil, OTvilum (velum, a veil). As the Fungus grows, 
the cap rises and bursts the volva, which withers and 
disappears ; and the veil is torn through, the portion 
remaining in connexion with the stalk encircling it as 
a collar or ring {ar^nulus) . 

Merutius lach'rymans, the Dry-rot Fungus, which 
belongs to the same family (Agaricini) as the Mush-1 
room, deserves notice from its very destructive action' 
upon decaying timber. The filaments of the myce- 
Hum may readily be detected in the rotting wood by 
examining a thin section in water. The receptacle 
fonns a yellowish-orange or brownish flattened mass, 
some inches in breadth, with white downy margins; 
and the surface exhibits folds arranged so as to form 
large irregular pores, instead of gills as in the Mush- 
room. 
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In other families the cap and stalk appear fused 
together and undistinguishable ; or the fructification 
assumes the form of the cap or the stalk only^ and 
the hymenium does not form gills. Thus in the 
family Polyporei (the. members of which are common 
on the trunks of trees and on rotten posts^ and some 
of which are very large) the basidia are situated upon 
the inner surface of tubes immersed in the under part 
of the mass^ their orifices forming minute pores, yet 
visible to the naked eye. In other families the basidid. 
are placed upon the outer surface of a club-shaped 
or branched receptacle (Clavarini), or upon external 
prickle-like points (Hydnei), &c. 

In the family Tremellini the receptacle forms a 
gelatinous mass, and the basidia are situated upon its 
surface, terminating the filaments of which it is com- 
posed. One species, Dacrymy'ces stilldttiSy is very 
common on fir posts in the winter and spring, form- 
ing little roundish, yellowish-orange, cushion-like 
masses. 

Gasteromyce'tes {yaarrfp, belly, hollow, /ivfCTj^^ 
fungus). — ^This order of Fungi, wluch contains the 
PuflF-baUs and many others not readily procured, 
must be very briefly noticed. The spores are con- 
tained in a capsule or perid'ium [irqplZioVi a little 
bag) which is often of large size, and are situated upon 
a hjmaenium forming folds, partitions (septa), or a 
lattice-work. 

A small species, Physdrum aUmm (PI. VII. fig. 3), 
is often found growing upon rotten stems of plants 
and decaying sticks. The capsules are minute, grey, 
brittle, and black within, from the presence of the 
mores (fig. 4), which are lens-shaped, and arise from 
the ends of short filaments. 

Coniomyce'tes [kovl^, dust, fivicq^, fimgus). — ^This 
Order contains some beautiful microscopic Pungi, seve- 
ral of which are very common. Many of them grow 
upon living plants, while others are found upon de- 
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caying Btems, sticks, &c. The mycelium consists ot 
inconspicuous, fine filaments, which run beueatli the 
epidermis and bark of leaves and stems, or esiet io 
the intercellular passages, the fruit bursting throagli 
the surface. The spores are short- stalked, forming 
sty'lospores {arvKo<;, stalk, <nropo^, seed) or conirfis 
{Kovihov, little dust). But there is great confosion 
iu the descriptions of the spores of the same Fungus 
by difierent botanical authors, some describing the 
firuit (in PI, VIT. fig. 15, for instance) as composed of 
rows of spores, while others regard it as forming a 
single septate {septum, a partition) or partitioned spore. 

Tor'ula herbdrura (PI. VII. fig. 12) is very common 
on the decaying stems of plants, especially those be- 
longing to the Parsley order (UmbeUifene), forming 
greenish- black streaks or patches. The spores (fig. 13) 
are grouped into chains or beaded (monJiform) rows, 
with very short stalks, and these are crowded to form 
the black patches visible to the naked eye. Under 
the microscope the spores appear of a brown colonr. 

Torula cdsei (Pl.VII.fig.il) forms reddish or 
white patches upon decaying cheese. It consists of 
branched, interwoven, tufted filaments [ftocci], witll 
comparatively large spherical spores arranged in rows 
at their ends. 

Nemos' pora crCcea (PI. VII. tig, 10) is a very curiona 
member of this Order, and is found upon decaying 
beech-sticks. It appears as an orange-coloured tendril- 
like gelatinous mass of spores, bursting through a 
little pore on the surface of the bark. The spores 
(fig. 10 a) are very miuutej slender, and curved, and 
under a high power appear jointed. 

MddHum grossttUriee (PL VII. fig. 8) is found venr 
commonly on the leaves of the gooseberry-bush. It 
forms to the naked eye oval or rounded spots {sori), 
of a red colour ; and on close examination, the spots 
appear dotted witli yellow points. Each point is the 
rifice of an open capsule ( peridiuw^, which has burst 
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through the epidermis of the leaf (PL VII. fig. 9 j^). 
The capsules are split or lacerated at the margius^ and 
form little cups containing the spores. The spores 
are very minute^ yellow, and are arranged in closely 
packed moniliform rows. The red colour depends 
upon the altered chlorophyll of the leaf. On the 
leaves containing the spore-capsules or peridia will 
be found smaller, brownish-yellow capsules {spermo- 
gonia) partly imbedded in their substance (PL VII. 
fig. 9 *) . These contain minute filaments {sterigmata), 
terminated by short rows of rounded cells {spermatia), 
which are supposed to exert an antheridisd function. 
The species oilJEcidium are very numerous, and many 
of them are extremely common — as those upon the 
nettle, the barberry, the dandelion^ the wood-ane- 
mone, the violet, and buttercups. The groups of 
capsules form exquisite opake objects under a low 
power of the microscope. 

Phragmitfium bulbdmm (PL VII. fig. 14) is another 
very beautiful coniomycetous Fungus. It forms little 
reddish, afterwards sooty dots upon the under surface 
of the leaves of various species of Bramble {fiabus). 
The oblong spores (fig. 15) are from 2- to 4-8eptate, 
and stalked, the stalks being swollen or bulbous at 
the base. The spores, which appear brown when 
magnified, are covered with little faiobs (tuberculate) 
on the surface; and the uppermost little spore or 
sporidium is terminated by a minute point (apiculate). 
Among the spores are numerous barren filaments or 
paraphyses. 

Puccin ia gram inis (PL VII. fig. 16) is to be found 
everywhere upon damp rotting straw, and upon grasses. 
It forms sooty irregular streaks, consisting of densely 
crowded, one-partitioned (uniseptate) spores (fig. 17), 
which appear brown under the microscope. This 
Fungus is sometimes called "mildew.'' There are 
numerous other species of Puccinia which occur upon 
common plants. 
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Urido se(fetum is the " smut" of wheat, barley, i 
oats — a fimgus too well known to the farmer, 
forms sooty raaBBes, bursting through the epidermi^^Bj 
of the stalk and ears of the corn, and soiling th^^l 
fingers when handled. The spores (PI. VII. fig. 5) 'I 
ar" 3sceedingly minute, and the stalks are so aleoder- 
and loosely connected with them that they are not ! 
readUy detected. Under the microscope the spores 
appear brown and faintly dotted, this appearance 
arising from a reticulated structure of the surface, 
similar to that of the poppy-seed on a very Bmall 
scale. 

Uredo cdries is the " bunt " of com. It growi 
within the grain, filUng it with a sooty, foetid mass. 
The spores (PI. VII. fig. 6) are considerably larger 
than those of the last species, and their surface is 
distinctly reticulated. They are attached to the fila- 
ments of the myccUuio, as in Uredo segettim. 

The spores of both these species of Uredo may be | 
found in most kinds of flour and bread, especially in 
those of inferior quaUty. 

Uredo can'dida (PI. VII. fig. 7) is another species, 
forming white dots upon the leaves of the common 
Shepherd's Purse (Capsel'la bursa pastor'is) — which 
is easOy recognized by the form and arrangement of 
the pods (fig. 19). The spores (s) are ra3ier lai^ 
and white. 

Other species of Vredo are very common upon 
numerous species of weeds or wild flowering plants ; 
and they so closely resemble each other that, when 
one is known, the others areeasdy recognized. Usually 
each species occurs upon a distinct species of plant, 
as is the case with parasites generally. In many of 
them the spots {aori) exhibit a thin membrane cover- 
ing the spores, which bursts down the middle, so as to 
bear some resemblance to a capsule. But there is no 
true capsule, the membrane consisting of the epider- 
mis of the leaf or stalk of the plant, which is raised and 
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t:om by the expansion of the growing fungus ; so that 
t;he peridium is spurious^ as belonging to the matrix^ 
and not to the fungus. It may be mentioned here that 
the so-called species of Uredo are not truly distinct 
species^ but are the forms of species of Pucciniay 
PhragmidiHmy &c ; so that the latter g^iera have two 
kinds of fruity one of which is a UredOy the other a 
Pucdnieu But I must refer to the Dictionary for 
further details upon this point. 

Htphohyce'tes {v<f>do}y to weaye> fiv/crj^, ftmgus). 
In this^ the 4th Order of Fungi^ are contained many 
oi the commonest moulds which are found growing 
upon decaying substances^ and sometimes upon living 
I^UuQts. The mycelium creeps among the particles of 
the substance^ or the elements of the tissues^ upon 
which the Fungus lives^ in the form of slender threads 
or filaments. The spores^ which are either simple or 
partitioned (septate)^ and naked^ occur either singly or 
in rows at the ends of fine interwoven cottony threads 
or flocfci [flodcus^ a flock of wool), which are generally 
very evident to the naked eye. The threads support* 
ing the spores form the ped'icels {pedicePlus^ a little 
foot). In technical descriptions, these filaments, 
which are usually composed of cells arranged end to 
end, are said to be septate (PL YII. fig. 26), and not 
jointed> as in the case of the filaments of the Coiifertfm^ 
which are constructed in a similar manner. When 
not septate, the filaments are said to be continuons, 

Stilba'cei.-^To this family belongs Tuberctddria 
vulgaris (PI. YII. fig. 28), which is fowld upon decay- 
ing sticks and branches of trees, especially the lime* 
tree. It forms little firm red knobs or tubercles, 
each of which is a receptacle. On making a section 
of a receptacle (PI. YII. fig. 29), the interiot is seen 
to be paler than the bright red surface, and a short 
broad stalk comes into view. The receptacle is com* 
|K»ed of crowded cell^filam^its, so short near the base 
as rather to resemble cellular tissue (fig. 80) ; but 
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towards the surface the filaments become extremely 
slender and branclied ; and each branch is terminated 
by a minute oblong spore, or a short row of them 
(fig. 31). 

If a atiek with this Fungus upon it be kept for some 
time in a damp place, short wliitish fibres, branched 
at the ends, and visible to the naked eye, will be eeen 
Bprouting from around the base of the receptacle 
(PI, VIII. fig. 1). These, when examined under the 
microscope, appear composed of fine filaments (PI. 
VIII. fig. 2), resembliug those of Tubercularia, and 
having the minute spores at the ends. After a con- 
siderable time, the entire receptacle of the Thibercu- 
laria becomes resolved into these fibres. In this 
state the Fungus assumes the characters of an Isdria, 
a genus of a different family of Fungi (Tsariacei), so 
that we have here an Isaria-form of Tubei-cularia. 

Sometimes the tubercles of the Thibercularia be- 
come darker, almost black, harder, and granular on the 
surface. On making a section of them in this state, 
the whole of the under portion of the surface is found 
to contain little roundish capsules, containing asci 
and spores, and it constitutes Spk^nafragifon'mis (PI. 
VII. fig. 32). As the Spharia is the more complex 
and highly organized condition of this Fungus, the 
other two conditions must be regarded as forms, and 
not as species of separate genera. 

Dematie'i. — In this family the filaments upon 
which the spores are placed are not compacted as in 
Tubercularia, but separate ; and they are of a dark 
brown or black colour. 

Sporo<^ybe altemdta (PI. VII. fig. 18) is occasion- 
ally found upon decaying vegetable substances, form- 
ing little black velvety spots or patches. The my- 
celial filaments are exceedingly minute, septate, ta- 
pering at the ends, and terminated by a little tuft ot 
pear-shaped ceils, from which the black simple spores 
arise singly. 
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Fig. 

1. Isaria-form of Tubercularia, 

2. /^ana-form of HUtercularia, fila- 

ments. 

3. AspergUku glauetu. 

4 AmergiUus glaucuSf filaments and 
neads of spores; a, separate 
spores. 

5. AspergtUus glaucus, head of spores. 

6. Peziza ompkalodes. 

7. Peziza stercorea. 

8. Peziza stereorea, cup ^receptacle). 

9. Peziza stereorea, asci and para- 
. physes. 

10. Peziza aiereorea, divided recepta- 

cle. 

11. Peziza stercorea, bristles. 

12. Dothidea typhina, on leaf-stalk of 

grass. 

13. Dothidea typhina, surface of patch 

(stroma). 

14. Dothidea typhina, capsules (peri- 

thecia). 

15. Dothidea typhina, ascus contain- 

ing spores. 

16. Spharia rubella, on nettle-stem. 

17. I^h€eria rubella, asci. 

18. Sphteria rubetta, capsules (peri- 

thecia). 

19. Sphceria rubella, ascus and spores. 

20. S^haria buUata, on piece of stick -, 
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20 a, section of tubercle (recep- 
tacle^. 

21. 8ph€^r%a buBata, asci and spoies. 

22. Sph^ria complanata, on piece of 
* stick. 

23. Sph(eriaeomplimata,t}ibeirclet(K' 

ceptacles). 
. 24 Dothidea ulmi^ on elm-leai 

25. Dothidea ulnu, ascL 

26. Dothidea tdnU, section of recep- 

tacle. 

27. Dothidea tdmi, spores. 

28. Chatomium datum ; 28 a, spores ; 

28 b, filaments. 

29. Chcetomium datum, on piece of 

stick. 

30. Hysterium fraxinif on piece of 

stick. 

31. Hysterium fraxini, receptacle. 

32. Hysterium fraxinif ascus with 

spores. 

33. Erysiphe guttata, on hazel-leaf. 

34. Erysiphe guttata, capsule. 

35. Erysiphe guttata, capsule (concep- 

tacle) with fulcra. 

36. Mucor mucedo : a, columella^ 

s, spores. 

37. Aerostalagmus : a, spores. 

38. Gall on oak-lea£ 

39. Gall on oak-leaf. 
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Muced'ines. — ^Mauy of the Fungi belonging to 
tiiis family are extremely common on decaying vege- 
"table substances^ and some are found upon living 
plants^ to which they are very injurious. To the 
naked eye they usually appear as mouldy or cottony 
masses^ either white^ blacky or coloured blue^ yellow^ 
&c. The spores are attached singly or in rows to 
branchlets arising from the ends of the filaments^ so 
as to form little heads. 

Bofrytis parasitica (PI. VII. fig. 19) is common 
upon the flower-stalks of the Shepherd^s Purse^ form* 
ing white mealy patches. The fruit-stalks are com*> 
paratively large and thin-walled^ the branchlets 
being slender^ mostly curved^ and terminated each 
by a large^ spherical^ s^nooth^ simple^ white spore. 

Botrytis vulgaris is also common on various decay- 
ing plants. Its filsunents are grey^ and the branchlets 
lobe-like ; the spores being minute^ spherical^ either 
white or greenish^ and placed simply at the tips. 

Botrytis infe^tans is the potato-FunguSi It forms 
white spots upon the under side of the leaves of the 
potato-plant^ and by some authors is considered to 
be the cause of the potato-disease. The filaments are 
branched at the ends^ and terminated by single oval 
spores^ which are apiculate at the free end^ and con*> 
tain minute little spores or sporidia. 

(Hd'ium TucVeri is the well-known destructive grape- 
Fungus. It forms white cottony masses upon the 
vine and its grapes^ the fruit-^stalks being short and 
terminated by one or two end-to-end oblong spores. 
It appears to be the Coniomycetous form of another 
Fungus {Erysiphe), 

THchoiMcium rdseum (PL VII. fig. 88) is found 
upon rotting sticks j very frequently upon willow- 
baskets kept in a damp place. It forms little rounded^ 
slightly raised^ pinkish spots^ less than the size of a 
pin^s head. The branched and septate foot-stalks 
(figs. 84if 35) are terminated each by a little group of 
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obovate spores, divided by a transverse partition (uni- 
aeptate). Sometimes this little Fimgus is quite white, 
at others greenish ; when perfectly ripe, the spores 
become oblong. 

PenidPlium fflaucum (PI. VII, fig, 25) is the com- 
mon Blue Mould found upon decaying substances, as 
cheese, &c., the interwoven mycelial filaments often 
forming large cakes or crusts upon the surface. The 
septate fruit-stalks (fig. 26) are fork-branched at the 
ends, the branchlets being terminated each by a row 
of very minute spherical smooth spores. On some 
decaying substances, as apples, gum, &c., the fruit- 
stalks are found aggregated into a thick stalk, the 
branchlets and spores forming a rounded head, so 
that the whole resembles a little blue mushroom 
(fig. 27) . In this form the Fungus has been placed 
in a distinct genus, and called Corimiujrt leucopaa. 
In other species the spores are pink and white. 

This little Fungus is of special interest, on account 
of one form of it constituting the yeast-plant, or yeast 
as it is commonly called. This consists of rounded 
or oblong cells, which grow very rapidly in ferment- 
ing liquids by budding^ — ^the large quantity of sugar 
and gluten present favouring the vegetative or simple 
groiriug process, at the expense of the fructifying 
process. But this is only an instance of what we 
constantly find in flowering plants, the use of very 
rich soil rendering flowers double, which is really re- 
ducing their organs to the state of leaves. When the 
sugar has become exhausted, the cells of the yeast 
become longer and thinner, as if starved ; they then 
form a more recognizable mycelium, which extends 
to the surface of the liquid, and produces finally the 
fruit-stalks and the Penicillium friut. 

AspergU'lus glaHcus (PI. VIII. fig. 3) is an ex- 
tremely common mould upon cheese, jams, &c. It 
resembles the last in appearance to the nalced eye, 
except that it has rather a green tinge, the heada of 
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fruit being much more compact and rounded. The 
fruit-stalks (fig. 4) are large, bulbous or inflated at 
the ends (fig. 5), and firom the inflations arise the 
crowded rows of spores. The spores are rounded, 
and rough (scabrous) on the surface. On removing 
most of the spores firom the head of finiit, each row 
of spores is found to arise firom a very short stalk. 

Plate VII. fig. 21 represents a beautifiil species of 
Rhino frichum,widch isfound upon decayingand sickly 
plants, and upon rotting sticks, forming a minute 
grey mould. The firuit-stalks (fig. 22) are large, 
sparingly branched, septate or jpinted, appearing 
brownish under the microscope. Their ends are 
branched, mostly bitemate (fig. 23), i. e. each branch 
dividing into three branchlets, and these again into 
three still finer ones. The ends of the branchlets are 
inflated, and coated with little points, upon each of 
which a smooth white spore (fig. 24) is placed. 

AscoMYCETEs {oaKo^y a bottle, fiv/cr)^, fimgus). The 
Fungi belonging to this Order are found upon the 
stems and leaves of plants, and upon decaying sub- 
stances, as dung, &c. They are usually evident to 
the naked eye, some even equalling the Hymenomy- 
cetous Fungi in size ; and many of them are brilliantly 
coloured. They are in general distinguishable with 
facility firom the Fungi of other Orders, by the arrange- 
ment of the spores in colourless sacs or asci (PI. VIII. 
fig. 9), resembling those noticed iu the case of the 
Lichens. These asci are usually enclosed in a cap- 
sule or peritMcium. The mycelium is usually buried 
in the matrix, so as not to be conspicuous. 

Helvelldcei. — ^To this family belongs the large genus 
Peziza, some of the species of which are beautifully 
coloured, yet scarcely microscopic. Among these 
may be mentioned Peziza omphalddes (PI. VIII. fig. 6), 
which forms little red masses upon damp ceilings. It 
does not possess the ordinary form of a Peziza, which 
is that of a cup fixed at the end of a stalk, like a 
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mushroom with the cup turned inside out, the aaci 
l inin g its interior, 

Peziza coccin'ea is not uncommon in woods. It is 
whitish outside, the interior of the cup being of s 
brilliant scarlet colour. It is from half an inch to on 
inch in height. 

Pezi::a stercor'ea (PI. VIII. fig. 7) is often found 
upon duug. The surface of the cup of this Fungus is 
granular and covered with bristles (figs. 8 fell). The 
cup is concave {fig. 10), and lined with the asci (fig. 9), 
among which are simple paraphyses. 

The Periz* are escellent Ascomycetous Pun^ for 
exhibiting the asci, as they are more or lees soft, and 
thus sections of them may be easily prepared, or they 
may readily be picked to pieces with the mounted 
needles. 

Ttberacei. — In this family is contmned the Truffle 
{IMber ciltdriuvi). The asci are situated upon the 
inner surfaces of the winding canals traversing the 
substance of the fleshy fruit {peridittm} of which the 
truffle consists. 

PHACiDii'cEi. — To this familr belongs Hyst^rium 
froj^itti (Pl.VUI. fig. 30), which is found upon aah- 
twigs. The drawn-out capeules or perithecia (fig. 31} 
ajv black and elliptical, with a longitudinal fissure or 
orifice, and contain the asci (fig. 32) with the spores. 

SraxK\k.m.~-Dothi^ea typhiua (PI.VIII. fig. 12) 
is a common Fungus upon the stems of living grasses. 
It fonuB an orange-coloured patch or layer encircling 
the »t«n, and covered with little dots. On making 
a section (fig. 14), it appears composed of a raw q£ 
oblong or ohovatc closely placed capsules (perithecia) 
immersed iu aud continuous with a fiaely fibrous r^ 
ceptacidar mass (J^ru(K()). The asci (fig. 15) areverj 
slcuder, arising in a tuft from the bottom of the ca^ 
sides, and routaining eight stiil more slender spores. 
Kxcept under a wrt- birfi power, the spores apmear 
as interrupted lines muuing down the interior of the 
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tffici. The little dots visible to the naked eye are the 
slightly projecting mouths of the capsules^ which are 
more distinctly seen in the magnified portion of the 
Fungus (fig. 13). In the young state^ this Fungus is 
whitish. 

This Fungus cannot be mistaken for a Uredo, two 
species of whicl^ occur upon grasses — Uredo Hnedris 
forming yellowish-brown spots^ and Uredo rubigo 
yellow spots. 

Dothidea uTmi (PL VIII. fig. 24) forms black, 
slightly raised, and somewhat star-shaped spots upon 
the upper surface of the leaves of the elm. In a sec- 
tion (fig. 26) the cavities are seen, containing the 
very delicate asci (fig. 26). The spores (fig. 27) are 
ovsJ, with a minute septum at one end. 

SpJui^ria rubefla (PI. VIII. fig. 16) is extremely 
common on the dead stems of the nettle, &c. In this 
Fungus the black bottle-like perithecia (fig. 18), con- 
taining the asci and paraphyses (fig. 17), are at first 
situated beneath the epidermis, through which they 
at length burst. The spores (fig. 19 a) are spindle- 
shaped, and from four- to seven-septate. When ripe, 
they escape by a hole or pore in the neck. 

Sphafria complancUa (PI. VIII. fig. 22) is another 
common species, found in hedges, on dead sticks of 
the softer (herbaceous) plants, as the parsley-order 
(Umbelliferse) . Here the minute capsules, which are 
scattered over the steins, are at first rounded, then 
flattened on the top (depressed), the neck being very 
minute (fig. 23). The spores in this species are 
exceedingly minute, oblong, and not contained in 
asci. 

Sphafria buUdta also belongs to this family. It 
occurs upon decaying birch-sticks, presenting to the 
naked eye the appearance represented in PI. VIII. 
fig. 20. The black, raised tubercles (receptacles) in 
their growth burst through the bark, splitting the 
epidermis. They consist of a white stroma (fig. 20 a), 
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in which the bottle-shaped capsules (peritheda) are 
immersed, the neeks projecting slightly above the 
surfacL' as little points (papillae). The tufted spore- 
sacs or asci {fig. 21), with the thread-like paraphyws, 
are contained within the capaides; and withia the 
asci are the densely packed, very numerous and minute 
curved spores. 

Another species, Splueria discifor'mis, is also com- 
raou on bircL-stieks. It difl'ers from the last in the 
tubercles being perfectly flat; the spores are also 
longer, straight, and spindle-shaped (fusiform). 

Pekisporacei. — Ei-y^iphe guttata {2\.\Y11.^.^) 
is a member of this family. It appears on the under 
side of the leaves of the common hazel as a pale spot; 
and on closely examining it with the naked eye, little 
black dots are seen scattered on the surface. These 
are the capsules (eonceptacles), which are seated upon 
straight white filaments. The filaments (fulcra) are 
six or seven in number, and are placed under the 
capsule, like the legs of a stool (fig. 34) ; they are 
rigid, and swollen or inflated at the base (fig. 35). 
The asci arc broad and short, and contain only two 
spores. 

Erysiphe maculdrU is the very destructive hop-mil- 
dew ; and other species are common on various plants. 

Chtetomium eldtum (PI. VIII. fig. 29) resembles 
little tufts of brown hairs, occurring upon decaying 
herbaceous stems. The capsule (fig. 28) is cruata- 
ceous, and covered with interlaced, rough, branched 
hairs (fig. 28 b). The spores (fig. 28 a) are oval, with 
a little point at one end (apieulate). 

Physomycetes {'ftva-a, bladder, /iukij?, fungus). — 
The Fungi belonging to this order include some of the 
commonest moulds growing upon decaying vegetable 
substances; while others are found upon leaves, &c. 
The floeei are generally very evident ; and the spores 
are contained in httle naked, bladder-like capsules 
{peridiola) at the ends of free filaments. 
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MucoRiNi. — In this family we have the common 
mould of paste^ Mucor mucido (PI. VIIL fig. 36). 
It is easily recognized by the little spherical capsules 
terminating the long and tufted fruit-stalks (pedicels), 
which are perceptible to the naked eye. Each cap- 
sule consists of a simple enlarged cell, the cavity of 
which is separated from that of the stalk by a septum. 
They are white at first, subsequently becoming brown 
and black. The minute crowded spores (fig. 36^) 
are at first oblong, afterwards spherical. In the centre 
of the capsule is a club-shaped body, or columella 
(fig. 36 a) J formed by the elevation and inflation of the 
septum. 

A beautiful little Fimgus of this family, apparently 
referable to the genus Acrostala^mus (PL VIII. fig. 
37), is sometimes foimd upon soft decaying stems. 
The main filaments are soft, smooth, and not septate. 
The pedicels are very brittle, whorled, dichotomously 
branched, scabrous, and terminated each by a little 
scabrous spherical vesicle (fig. 37 a), containing two 
or three oblong spores. 

Antennaribi. — In this family is Racddium (or Ajp- 
ienndria) celldre, the Wine-cellar Fungus, forming the 
well-known cobweb-like masses hanging from the 
walls, &c. The little black capsules are seated upon 
slender septate filaments, and contain numerous round 
spores. 

In examining leaves with the view of procuring 
Fungi, the reader will most likely meet with the two 
kinds of bodies represented in Plate VIII. figs. 38 
& 39. These are not Fungi, but gaUs. They arise 
from an abnormal growth of the leaf-structures, pro- 
duced by the deposition of the eggs of insects (Cym- 
pida). The well-known oak-apple, and the red hairy- 
looking body found upon hedge-roses, are both galls 
produced in the same way. 

Examination and Preservation. — ^The examination 
of the Fungi scarcely requires any special remarks. 
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They should be viewed first as opake objects nnder a 
low power; and then sections should be made, or the 
textures separated with the mounted needles. 

There is some difficulty iu moistening the smaller 
filamentous Fung;i with water, which is requisite in 
the determination of the arniQgemeut of the spores 
upon the branches. Hence the best plan is to lay 
the Fungus upon a slide, apply a cover, then to adds 
drop of spirit trf vrine and afterwards a little water to 
the edge of the cover. When thus wetted, the spores 
may be more or less removed with a wet hair-pencil, 
when the ends of the branches will become perfectly 
distinct. In examination of the dried smaller Fungi 
as the SpkarieB, the capsules should be macerated for 
a time in water. 

The softer Fungi are very difficult of preseiration 
in the entire state ; but the sections or minute struc- 
tures may be mounted in chloride of caltnnm or 
glycerine. 

The harder and drier Fungi may be preseired by 
drying and gentle pressure between coarse absorbent 
paper. They may then be glued to pieces of paper 
and labelled, in the same manner as the flowering 
plants. Specimens of the capsules, as of the Sphtertte, 
&c., may also be mounted in the dry state, the asci 
being preserved in the chloride of calcium or gly- 
cerine, in which liquids most of the smaller Fungi 
will keep extremely well. 




PLATE IX. [page 113.] 



Aniuai. Tissues, &c. 



Fig. 

1. Blood-corpuscles, Human. 

2. Blood-corpuscles of Bird (Towll 

3. Blood-corpuscles of Roptile(Frog). 
4 Blood-corpuscles of Fish (Stickle- 
back). 

5. Hair of Bat. 

6. Hair of Mouse. 

7. Hair of Mouse. 

8. Hair, human. 

9. Hair, human. 

10. Wool, fibre of. 

11. Flax, fibres of. 

12. Cotton, fibres of. 

13. Silk, fibres of. 

14 Feather, portion of: a, barbs; 
by Cj pinnte. 

15. Bone, section of: a, lacimse. 

16. Cartilage, section of. 

17. Feather, downy. 

18. Feather, downy : pinna. 

19. Shell, pearly or nacreous portion of. 

20. Muscle : a, cellular tissue ; 6, fi- 

brillse ; c, bundle of fibrillae. 

21. Tongue of Whelk : a, natural size. 

22. Scale of Dace. 



Fig. 

23. Scale of Perch. 

24 Scale of Cod. 

25. Spermatozoa of Chub. 

26. Fhistrafoliacea: a, cells of; 6, ani- 

mal, with the tentacles expaodei 

27. Flustra foliacea. 

28. Shell o{ Oyster, brown portion d 

29. Shell of Oyster, prisms of. 

30. Cyclops qtiadricomis, 

31. Daphnia pulcXy female. 

32. Daphnia pulex, head of male. 

33. Canthocamptus minutus, an Ento- 

mostracan. 

34. Cypris tnstriata. 

35. Cypris tristriata, eggs of; 36 0,5,^ 

the same hatching. 

36. Acarus doniestiom (Cheese-mite)} 

female. 
36*. Cilia of gills of Oyster. 

37. Tronibidiumfuliginosum : a, pulp j 

by mandibte ; c, foot ; d, natural 
size ; c, hair ; /, hair of 21 holo- 
sericetim, 

38. Acarus doniesticuSy male. 

39. Memhranipora pilosa. 



*• t* §* «.* 
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CHAPTER X. 

ANIMAL ELEMENTS AND TISSUES. 

The tissues of which animals consist, like those of 
plants, are primarily derived from cells; in fact the 
essential part of the egg or ovmn, from which all per- 
fect animals originate consists at first only of a simple 
cell, with its nucleus and nucleolus. 

The animal cell- wall differs from that of the vege- 
table cell in its softness and delicacy — also in its che- 
mical composition, — the former consisting of albu- 
minous (albumen, white of egg) matter, while the 
latter is composed of cellular or vegetable-cell sub- 
stance. 

There is also a striking difference between vegetable 
and animal tissues, in the circumstance that, while 
the former retain their cellular condition to a very 
great extent, the cells of the latter are frequently so 
altered by compression and fusion together, or are 
obscured by the great development of the cell-con- 
tents, that the cell-form is obliterated, or can only be 
discovered by the application of chemical reagents ; 
and in many instances, the relation of the tissues to 
the cell can only be discovered by tracing the growth 
or development of the latter from its earliest stages. 
Hence the examination of the elements and tissues 
of animals is not well adapted for those who are un- 
practised in the use of the microscope ; and in treat- 
ing of them, we shall simply notice a few which are 
most easily examined, beginning with those found 
in animals belonging to the subkingdom Vertebrdta 
{ver'tebra, a spine-bone) . 

MammIlia. — ^The animals belonging to this class 
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suckle their young; and their Wood-vessels contain 
red hlood. 

Blood. — This hlood consists of a yellowish liquidj in 
which very numerous red blood-corpuscles or globules 
(PI. IX. fig. 1) are suspended, and to which the red 
colour is owing. The blood-corpuscles are not glo- 
bular, but discoidal, i. e. they are circular and flat- 
tened, the sides being slightly sunk in. Their form 
is best seen as they roll over on a slide, after the 
application of a glass cover. The coloured corpuscles 
are cells ; they appear yelloivish red under the micro- 
scope, the deep red colour of the blood depending 
upon the large number of them seen at once and 
crowded together. It need scarcely be stated that a 
drop of blood may easily be obtained, by puncturing 
the wrist with a clean needle. The blood is con- 
tained in the blood-vessels. These consist of the 
ar'teries, which convey the blood from the heart; the 
veins, which return it to the heart ; and a very fine 
set of intermediate vessels, called the cap'illaries. If 
a little water be added to a drop of blood on a slide, 
colourless corpuscles, rather larger than the coloured 
disks, will be seen scattered among the latter. These 
are the colourless or lymph-corpuscles of the blood. 
They are truly spherical, and granidar on the sur&ce. 

Bone. — In examining a transverse section of a bone, 
one or several very large cavities will be seen with 
the naked eye in the centre of the section ; these 
contain the marrow, or medulla. In the long bones, 
the medullary cavity is single, and runs longitudinally 
down the bone ; whilst in the flat bones the cavities 
are numerous, forming cancelli. Under the micro- 
scope, thin transverse sections of bone exhibit oval or 
rounded holes, or foramina (PI. IX. fig. 15), which are 
sections <rf canals conveying blood-vessels through the 
bone ; these are the Have/sian canals. Around the 
sections of these canals are seen ntmierous concentric 
rings, indicating layers or lamellce of bony matter. 
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The substance of bone presents numerous black, some- 
what elongated bodies (fig. 15 a), called the lacuius 
{lacuna, a little hoUow) or bone- corpuscles, which are 
however hollow, therefore not truly corpuscles, as 
they were formerly considered. Between the adjacent 
lacunse run numerous fine, dark, branched lines, con- 
sisting of Tcry minute canals, or canalicfuli. If the 
aectioQ of bone be viewed by reflected light, the 
lacunae and canaliculi will appear white. In the dried 
bone they contain air. 

The structure of bone is best seen when viewed as 
a transparent object in the dry state ; for when the 
section is immersed in liquid, the lacunae and canah- 
culi become filled up. 

The size and fonn of the bone-corpnscles and canali- 
culi vary in difi'erent animals, so much so that the 
Class or Order to which an animal belongs may be 
determined by reference to these particulars. 

Bone consists of earthy salts deposited in a finely 
granular form throughout the substance of cartilage. 
By soaking a piece of bone in vinegar or other dilute 
add, the earthy salts will be dissolved, the soft carti- 
lage being left. But the stnicture of cartilage may be 
best observed by making thin sections of the gristle 
covering the ends of bones. It exhibits a bluish- 
■white basis (PI. IX. fig. 16}, in which are imbedded 
numerous cells or cariilage-corpuscles, often under- 
going cell-di™ion. ' In some kinds of cartilage, the 
ba«s is composed of fibres. 

Muscle.— On examining a piece of the red flesh of 
an animal under a low power, the mass will exhibit 
a number of coarse, parallel, longitudinal, dark lines 
(PI. IX. fig. 20), the substance between these lines 
being marked with cross or transverse strije, or luies, 
and with fine longitudinal lines. The coarse longitu- 
dinal lines Indicate the intervals between bimdles of 
slender fibres, or fibriUliE, of which muscle consists. 
The fibrillse (fig. 20 b, c) are very difficult to separate ; 
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but when perfectly separated, they are seen to be 
exceedingly slender, and to consist of alternately ligtt 
and dark portions in regular series. When the fibrillM 
of the bundles are in close apposition, as in the natu- 
ral muscle, the dark portions, being in the same lines, 
by their coincidence form the transverse striae. The 
bundles into which they are combined are surrounded 
by a delicate akin or membrane, with a little oellukr 
tissue. 

The structure of mnacle may be observed in a piece 
of ham which has been soaked for a day or two in 
spirit of wine, the mounted needlea being used to pick 
it to pieces. 

The above-mentioned transversely striated muscu- 
lar fibre is that found in the voluntary muscles, or 
those under the influence of the will. But there i^e 
other muscles in animals which are involuntary, or 
not subject to the will; in these the fibrillar structure 
is absent, the muscular tissue consisting of simple 
elongated and nucleated cells. 

CePlular tissue — This fills the interstices between 
the other tissues and organs of animals, in the 
same manner that the vegetable parenchyma does 
those of plants. It is not, however, composed of cells, 
but of very fine, soft, colourless, and wavy fibres 
(PI. VIII. fig. 20 a), aggregated into bundles, which 
interlace so as to leave spaces or areolee between 
them. 

The cellular or areolar tissue may be found in a 
piece of beef or mutton, in the intervals of the 
muscular fibres. 

Skin. — The skin is composed of cellular tissue, its 
outer surface presenting a number of projecting blunt 
points, called papU'la. It contains a large number 
of blood-vessels; and when the capillaries are well 
filled by injection with a coloured composition, it 
forms a beautiful microscopic object. 

The skin is covered by the epider'mis or cuticle, 
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irhich consists of several layers of cells. It is the 
epidermis which is raised and covers the bladders 
formed by the action of a blister applied to the skin. 

Hair. — ^The hair consists of long solid filaments 
(PL IX. fig. 9), and not of hollow tubes, as was 
formerly supposed. It presents yarieties of structure 
in different animals, which agree generally in ar^iipftl*^ 
belonging to the same Orders. 

Hairs are implanted in pits in the skin; each ia 
swollen at the base to form the bulb, which is seated 
upon a papilla of the skin, by which it is formed ox 
secreted. The hair is an epidermic formation, cou/- 
sisting of epidermic cells more or less flattened and 
altered in shape by mutual pressure. 

The colour of the hair is usually seated in the outer 
or cortical portion of the stem or shaft, and arises 
from the presence of aggregations of minute granules 
of colouring-matter or pigmeni, as the colouring-mat* 
ter of animals is caUed : in the human hau- it forms 
short longitudinal stripes (fig. 9). In the central 
pith or medullary portion of the hair the cellular 
structure is more open and distinct than in the cortical 
portion, in which the ceUs are so compressed and 
consolidated as only to exhibit the cell-structure after 
treatment with reagents; and the medullary cells 
often contain air. 

In grey or white hairs, the whiteness depends 
mainly upon the presence of air in the cells of the 
pith. In the gnawing or rodent animals, as the 
mouse or the rabbit, the pigment is partially at least 
situated in the cells of the medulla. 

In the hairs of many animals, the cuticular or sur* 
£ftce-cells of the shaft are distinctly imbricated (fig. 5), 
and form beautiful microscopic objects. 

The principal interest in the structure of the hair 
relates to the three points above mentioned, viz. the 
position of the pigment, the arrangement of the cuti- 
cular cells or sodes, and that of the cells of the pith. 
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The pigment is best esamined in hairs moistened 
with a little spirit of wine, which displaces the air 
from the cells of the pith, and renders the hair trans- 
parent ; a little water should be subsequently added. 
The cuticular scales are also well shown by this pro- 
ceeding. Towards the root of the hairs in the mouse, 
they project beyond the margin, giving it a toothed 
or dentate appearance; in the hair of the mole, 
the bat (fig. 5), or the wolf, this dentation may 
also be seen. In the hairs of sonae of the foreign 
bats, the scales are whorled, forming very beautiM 
objects. 

The cells of the pith (PI. IX. fig. 7) also present 
interesting varieties, being sometimes arranged in a 
single row, at others iu two or more rows (fig. 6). 
These are best seen in hairs recently immersed in 
spirit or in oil of turpentine ; for if the hair be too 
long soaked in these liquids, the air will be entirely 
displaced by them. The cells of the pith appear black 
by transmitted and white by reflected light, in the 
dry hairs, from the presence of air. They may be 
well examined in the hair of the mouse (figs. 6 & 7), 
or in that of the mole. Wool, which is the hair of the 
sheep, consists of curled fibres (PI. IX. fig. 10), in 
which the imbricated arrangement of the sun^ce- 
scales is very distinctly seen. 

In Pi. IX. figs. 10-13 the fibres of wool, flax or 
woody fibre, cotton, and silk are represented together, 
to allow of comparison ; for the microscope is of great 
assistance in discriminating these substances when 
existing in textile fabrics. The fibres of wool (fig. 10) 
are distinguished by their solidity, wavyness, and 
the imbricated scales ; those of flax (fig. 11} by their 
thick walls, great length, acute ends, and their knotty 
appearance at intervals. The fibres of cotton (fig. 12) 
are soft, flaccid, flattened, and often twisted; and 
those of silk (fig. 13) are solid and very slender. By 
ft little chemical testing, the discrimination is made 
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still more easy ; but for an account of this 1 must 
refer to the Dictionary. 

BiBDS. — ^In the Class of Birds, the structure of the 
feathers deserves special notice. Feathers are epi- 
dermic formations, or consist of aggregations of epi- 
dermic cells, yet so altered by compression and fusion 
together that the cell-structure is in most parts di& 
ficult to detect. In a feather three parts are dis- 
tinguishable, — ^the transparent cylindncal quill; its 
opake continuation, which is more or less flattened 
at the sides, forming the shaft; and the vanes or 
beards, which arise from the sides of the shaft, con- 
sisting of numerous closely set, parallel, flattened 
fibres, called the barbs. The structure of the barbs 
forms the interesting object to the microscopist. On 
examining a piece of the coloured vane of a somewhat 
large feather (PI. IX. fig. 14), a row of fine parallel 
colourless filaments (pinme) will be observed, arising 
from the opposite sides, the filaments of one side 
lying obliquely across those arising from the other ; 
and while the filaments or pinnae of one side present 
a row of little teeth (fig. 14 c) near their base, those 
of the opposite side (fig. 14 d) are provided with as 
many hooks near their apex, which curve over the 
teeth to connect the barbs together. This curious 
arrangement is adapted to keep the parts of the 
feather firmly united, and yet to allow of their play 
and flexibility. To observe this structure, a portion 
of a vane should be soaked in oil of turpentine, and 
mounted in balsam. 

In the downy feathers (PI. IX. fig. 17) the barbs 
are not frumished with the pinnse, but present simply 
whorls of minute spines (fig. 18). 

The bones of birds present the same general struc- 
ture as that of mammals, the lacunse bemg, however^ 
more nimierous and smaller. 

The blood of birds (PI. IX. fig. 2) differs entirely 
from that of mammals^ in the red corpuscles being 
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ov&l instead of circular, and convex instead of con- 
cave ; and each contains a distinct oval and granular 
nucleuB. 

Reptiles. — In reptiles, as the frog, toad, or water- 
lizard (7Vi/om), the bone-corpuscles or lacunae are 
larger and more numerous than in either of the former 
clasBes; and the blood -corpuscles (Fl. IX. &g. 3) are 
comparatively very large, oval, rather concave, and 
contain a large granular niicleuB. 

The smooth water-newt or triton, properly call«l 
lAssotriton punctaius, is a very interesting animal in 
a microscopic point of view. It may be found in most 
ponds ; and if several are removed in a net, and kept 
in a large glass jar, with water-plants, they will live 
for a long periofl. In the spring or early summer 
they will deposit their eggs upon the aquatic plants, 
generally on the under surface of a leaf, which they 
bend downwards, so as to protect them. The eggs or 
ova, are about half the size of a pea, and consist of a 
sac containing a transparent liquid, with a yellowish 
globule within. After a time these eggs will hatch, 
and the larvEe or young newta must be removed from 
the water, otherwise the parents will devour them. 

If one of these larvae, which resemble little fish in 
appearance, be placed with a little water in the " Uve- 
boi," and the cap be very gently pressed down, ao as 
to fix the body of the animal, the circulation of the 
blood may he very beautifully seen in either the 
fringe-like gills, which are placed on each side of 
the neck, or in the tail, a low power being used; 
at the same time the beautiful stellate pigment- 
cells of the skin will be observed. The struc- 
ture of the rudimentary spinal column, which runs 
down the middle of the back, and consists of simple 
large cartilage-cells, may alao be made out, when the 
animal is dead, by a little dissection with the aid of 



Fishes. — In the fourth class of vertebrate animals. 
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which consists of the fishes^ we find interesting struc- 
tures in the bloody the scales^ and the roe. The corpus- 
cles of the blood (PL IX. fig. 4) differ from those of the 
Mammalia^ but agree with those of birds and reptiles^ 
in being oyal instead of round. The scales of fishes 
(PI. IX. figs. 22; 23) are usually rounded or oval, 
as in most of our freshwater fishes, when they are 
called cyc'loid {/ciixXo^, circle) ; but sometimes they 
are toothed at one end (fig. 23 a), forming ctenoid 
{fcrek, a comb) scales, as in the perch. Most scales 
exhibit a number of concentric rings, which are the 
indications of laminae : and many of them are lobed 
at the margin, sometiiAes also ha^ng radiate furrows. 
In the centre are often seen little roimded solid 
bodies, having somewhat the appearance of cells^ 
which are very well seen in the scales of the perch ; 
and in some scales these bodies are arranged in 
concentric rows throughout the substance, as in 
those of the eel or the cod (fig. 24). The substance 
of which scales consist is generally cartilaginous ; in 
some of them, however, true bony matter is present. 
Fish-scales are contained within the substance of the 
skin, and not merely attached to it by one end, as 
appears to be the case in many fishes. In most of 
our conmion fishes, as the roach or perch, the scales 
project beyond the level of the skin ; but the projecting 
portion is covered by a thin layer of the skin ; and 
when the scales are scraped ofi^, this layer, with its 
elegant stellate pigment-cells, is usually found ad- 
herent to it. In some other fishes, as the cod and 
eel, the scales are entirely sunk below the surface; 
und these are commonly supposed to have no scales. 
They may, however, be easily found by dissection, 
or by drymg a piece of the skin under pressure be- 
tween two plates of glass, and mounting a portion 
in balsam. 

The beautiful silvery lustre of the skin of fishes 
Jqpends upon the presence of innumerable very minute 



and thin crystals ; these may be well examiDed in (he 
skill of a sprat. 

The roe of fishes consists of the ova or ^gs, and 
the spermatozoa, — the ova being contained in the 
hard, the spermatozoa in the soft roe. The eggs 
consist of a cell aurrounded by one or two membranes; 
and the latter are often traversed by numerous fine 
radial canals, or present a funnel- shaped tube leading 
to the ovum. The spermatozoa of the soft roe consist 
of exceedingly slender filaments {fig- 25), terminated 
at one end by a kind of head. The reader will not 
fail to detect the analogy between the ovum of the 
animal and that of the oviile of the plant ; and it need 
scarcely be stated that the spermatozoa of the animal 
fertilize the ova, in the same manner that the pollen- 
tubes and spermatozoa of plants fertilize the ovules ex- 
isting in them. In the case of fiEhes, the spermatozoa 
of the soft roe escaping into the water, and moved hy 
the ciliary action of the filament, enter the micropyle- 
like canals of the ova, which are deposited by the 
fish upon the bottom of rivers. 

The scales of fishes may be prepared for examina- 
tion by scraping them off and macerating them in water 
until the adherent portion of the skin is softened and 
decomposed, so that it may be washed away. They 
should be dried between glass plates, and viewed 
under a low power, as dry transparent objects. 

TTie structure of muscle can be more easily made 
out in fishes than in other animals. A portion of 
the flesh should be macerated in spirit as directed 
above. 

MotLtis'cA. — We shall now leave the vertebrate 
animals, and pass to the suhkiugdom MoUusca, the 
marine kinds of which are popularly called shell- 
fish : three of their structures form interesting ob- 
jects for examination — the shell, the tongue, and the 



gills. 



Shell. — The general structure of the shell c 
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Mollusca may be illustrated by reference to tbat of 
the oyster. Two kinds of shell-substance are at once 
distiilguishable in an oyster-sheU, an outer brown, and 
an inner pearly or nacreous. The brown portion ex- 
hibits under the microscope the appearance of a cell- 
structure (PL IX. fig. 28), the ai^ular forms from 
mutual pressure being very distinct. The component 
bodies of this portion are seen to be more or less 
elongated and flattened in the side view, forming 
prisms (fig. 29). The structure of the pearly part of 
the shell is more difficult of examination, and can only 
be seen distinctly in ground and polished sections. 
In these, under a high power, it exhibits numerous 
fine, somewhat parallel wavy lines (fig. 19), which are 
the indications of thin layers, or laminae, of which it 
is composed. 

SheU consists of a basis of animal matter in which 
carbonate of lime (chalk) is deposited, the whole 
being poured out or secreted by the skin or mantle 
of the mollusk. 

Pearls, which possess the same structure as the 
nacreous part of shell, consist of the nacre formed 
around some fore^ body, as a grain of sand, &c., 
by which the mantle has been wounded. 

Tonffue. — ^The structure of the tongue of the Mol- 
lusca is very interesting, on account of the curious 
teeth which are found upon it. It may be illustrated 
by the common Whelk {Btufcinum undJtum), which 
is sold at the street-stalls. As, to one unacquainted 
with the anatomy of the Mollusca, there is some diffi- 
culty in finding the tongue, it may be well to point out 
how it is to be found. If the shell containing the 
animal be placed sA that its orifice is directed up- 
wards, the point or apex of the spire being towards 
the reader, the lid (operculum) which closes the shell 
will be at once evident. On drawing the animal from 
the shell by means of the lid, the foot or portion 
which is applied by the animal to the sur&ce upon 
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which it creeps will be seen. At the upper part of 
this is the head^ with its two horns (ten'tacles). 
Below the roots or bases of the tentacles^ and be- 
tween them and the upper part of the foot^ is 
the little round mouth. On slitting this up with 
scissors^ a cayity will be opened^ and in it will be 
seen a reddish tube (the proboscis)^ about as lai^ as 
a goose-quill^ with an aperture at the end. This 
must be earefiilly slit up, when the tongue, which is 
of about the size of a crow-quill, will come into view. 
The tongue is moveable in the proboscis, and can be 
protmd^ or withdrawn by the animal at wiU. If 
the surface of the tongue be viewed under a hand- 
lens, the rows of teeth will be seen at once. It is 
better not to pull the tongue out with forceps, as 
the teeth are easily displaced and injured. The best 
plan is to dissect away the muscular structures with 
forceps and a pair of fine-pointed scissors, then to 
cut off the tongue at its root, and to soak it in water 
for some hours, when the skin or epidermis containing 
the teeth can be separated with the mounted needles 
under a simple lens or microscope. After any loose 
particles have been washed away with a hair pencil, 
the object may be spread flat on a slide, and dried 
between two slides. The upper slide should then be 
removed, the tongue soaked in oil of turpentine, and 
mounted in balsam with the least possible heat. 

As thus prepared, the homy teeth (PI. IX. fig. 21) 
are seen to be arranged in rows, united by a colourless 
membrane, so as to form a long ribbon. The teeth 
form three longitudinal parallel rows, a central and 
two lateral. Each tooth, considering the separate 
pieces as constituting distinct teeth, has little teeth 
or denticles at its lower edge. These are curved 
in^rds, four in number, and connected by a baaal 
plate in the side teeth ; while the middle teeth have 
six or seven straight denticles. These teeth serve 
to enable the animal to scrape or rasp the algae. 
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and other matters forming their food^ from the sur-^ 
faces upon which they grow. And if some water- 
snails are placed in a glass jar the inside of which is 
covered with confervoid growths, the curions patterns 
left; after the action of the snails' tongues will be 
found to present a very curious appearance. 

Gills. — ^The gills or ^^beards^' of the oyster or mussel 
exhibit very strikingly the phenomenon of ciliary mo- 
tion. The gills (branchiae) are respiratory organs, 
consisting of folds of the skin, covered with cilia, by 
means of which the water in which the animal lives 
is set in motion, and constantly changed to aerate 
the blood within them. The currents thus induced 
serve also to bring the food which floats in the water 
towards the mouth of the animal. By snipping off 
a thin portion of one of the brown beards of a fresh 
oyster, laying it upon a slide, adding a drop of the 
''liquor'^ contained within theshell,andlightlypressing 
a cover upon the whole, the remarkable phenomenon 
to one who has not before viewed it will be seen 
under a somewhat high power — about J-inch. The 
whole field will appear in motion, and the lashing or 
whip-like action of the cilia will be seen, especially 
towards the edges of the bars (PI. IX. fig. 36) of the 
gills. The rapid motion of any floating particles 
present will also be notjced, showing the Erection of 
the currents of liquid, which, as the liquid is trans- 
parent, would not otherwise be recognizable. 

Sbyoz6a {0pvov, moss, ^&ov, animal). — ^The animals 
included in this Class, which belongs to the Mollusca, 
are mostly marine. They are microscopic, and con- 
tained in homy or calcareous sacs or cells, aggregated 
together to form polyp'idoms {poVype, and B&fia, a 
house). They are sometimes plant-like or leafy (PI. IX. 
fig. 27), at others filamentous and branched, or they 
form a layer or crust upon the objects to wliich they 
are attached. The polypidoms, which are often some 
inches in length, are frequently met with on the sea- 
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shore, the cells (fig. 26 o) having slit-like valvular 
orifices. The bodies of the animals are soft and 
polype- like, and arc furnished at one end with a. circle 
of tentacles, covered with rows of cilia, by which the 
water is changed for respiration, and particles of food 
are brought to the mouth. The tentacles can be 
protruded or withdrawn at the will of the animal. 
The Bryozoa are what are called compound animals, 
each iudindual body having its own set of organs; 
yet the whole are connected together. 

The two species figured are very coinuiou . Flu^tra 
foHdcea (PI. IX. fig. 27} is found everywhere upon 
the sea-shore. The pulypidom has cells upon both 
sides ; and they are narrowed at one end, and rounded 
at the other. Mentbranij/ora pil6»a (PL IX. fig, 39) 
occurs upon sea- weeds and other marine bodies, form- 
ing a closely adherent layer. The orifices of the ceUa 
are surrounded with teeth, and are usually furnished 
below with a very long bristle — the polypidom appear- 
ing to the naked eye aa a white hairy crust. In the 
variety figured, the long bristles are replaced by a 
spine; and this is not uncommon. 

The polypidoms of the Bryozoa form interesting 
microscopic objects, the cells being furnished with 
variously arranged spines and punctures or dots. In 
Bome the cells are erect and arranged in rows upon the 
branches of a plant-like stem, while in others tiiey are 
scattered irregularly over a creeping filament. 

For examination they should be prepared by macer- 
ation in freah water, and drying between glass plates 
or sheets of paper, and either viewed as opake objects 
or, after soaking in turpentine and moimting in bal- 
sam, as transparent objects. 

It may be remarked that the name Bryozoa for 
this class of Mollusca, which was thoroughly estab- 
lished, has recently been changed in this country to 
Polyzoa (iroXil?, many, ijiSov, animal), and that the 
name of polypidom has been altered to polyzfiary. 
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CHAPTER XI. 

ARTICULATA (aETIc'uLUS, A JOINT). 

The animals belonging to this subkingdom are spe- 
cially distinguished by the body and limbs being 
jointed : as familiar instances^ may be mentioned the 
lobster, the wood-louse, spiders, insects, and worms. 

Taking the class Crustacea, to which the two first 
animals belong, we find interesting microscopic forma 
in the subclass Entomos'traca {evrofiov, insect ; Sarpa-' 
Kov, shell). 

Entomostraca. — The animals contained in this 
Order are met with in every pool or pond, some of 
them inhabiting the sea. They are mostly minute, 
yet visible to the naked eye, forming specks swimming 
actively or leaping through the water ; hence some 
of them have been called water-fleas. The body of 
the animal is protected by a shell or car'apace, which 
in some consists of a single piece (PI. IX. fig. 30), 
while in others it consists of two similar parts or 
valves (fig. 81), in the latter case the joints of the 
body being indistinctly visible. The head is furnished 
with usually two projecting feelers or antennae (an- 
ten'na, a sail-yard), one of which is uppermost or su- 
perior (PI. IX. figs. 30, 31, 34 a), the other lowermost 
or inferior (figs. 30 and 34 b) ; and these are ofken 
used for swimming. The antennse are jointed, and 
sometimes beautiAilly plumose {pluma, a feather) or 
feathery, t. e. fiimished with rows of long and very 
slender filaments. There are several pairs of jointed 
legs, some of which serve as jaws (foot-jaws), while 
oti^ers are finely filamentous to serve for swimming 
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and as respiratory organs (branchial feet). The four 
species figured are very common. 

CyprU tristridla {PI. IX. fig, 34) is found in ponds 
and ditches. The carapace is bivalve, or has two valves, 
which are convex and ova! ; and it is of a greenish 
colour, with three irregular dark stripes behind. 
The superior antennae (a) are jointed and finely fea- 
thery, the inferior antenna (6) having a tuft or pencil 
of fine filaments arising from their anterior margin. 
The eye is single. The animal swims steadily and 
freely through the water. 

The eggs of Cypris (PL IX. fig. 35) are often found 
in glasses of water containing the animals. They ate 
rounded or oblong, of a red colour, glued together by 
on amorphous jelly, and adherent to pieces of stick 
or the sides of the glass. They are enclosed in a 
thick shell, which exhibits a cellular appearance in 
the surface view, and is striated in the side view ; so 
that the structure of the shell is prismatic, as in that 
of the oyster. When the e^;s escape from the shell, 
they present the appearance represented in fig. 35 a, 
the body of the young animal being enclosed in a 
transparent envelope, one end of which forms a blunt 
protrusion J there is also a separate slender process 
enclosing the superior antennte. After a time, the 
envelope is cast off (fig. 35 b), when the animal b^ins 
its active stage of life. The cast- off envelopes (fig. 35c), 
with the protruded portions wrinkled, are often found 
in the sediment of water containing the animals. 
The structure of these ova is that of what are called 
winter ova, which agree with the resting-spores of the 
lower plants or the Algce. 

Cyclops quadricor'nis (PI. IX. fig. 30) is another 
common species. In this the body is closely Bur- 
rouuded by the jointed shell, as in a lobster. The 
superior antennae (a) are very long and raany-jointed, 
each joint having short bristles arising from it, while 
the inferior antennse are short and four-j ointed. There 
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is no separate head^ this being united to or conso- 
lidated with the first joint of the thor'ax or chesty the 
head and thorax together comprising fonr joints. The 
remaining joints enclose the belly, or abdomen, which 
has the appearance of a tail ; but the tail is constituted 
by the two last parallel pieces, which are fiimished 
with fine feathery fikments. 

The female is most commonly met with, and is 
easily known by having the egg-pouch, or ovary (o) 
external on each side, and filled with eggs or ova. 
The little Cyclops is readily recognized by its form and 
jerking motion through the water. 

Daph'nia puUx (PL IX. fig. 81) is a very common 
Entomostracan, and is very well adapted to iQustrate 
the structure, on accoimt of its size and transparence. 
In this animal the body is loosely connected with a 
bivalve shell, which, on careful examination, is seen to 
be reticulated or marked with net-like lines. The 
superior antennae (a) are very small, placed under a 
small beak, and have at the end a minute tuft; of hairs. 
The inferior antennae {b) resemble arms, being large 
and branched ; and by means of them the animal rows 
itself through the water. The structure of the eye is 
curious, consisting of a number of round lenses aggre- 
gated together, the fine muscular threads by which it 
is moved being easily distinguished with a high power. 
The legs are flattened, and Aimished with elegant 
feathery s^tse (seta, a bristle), serving as gills or 
branchiae. They are constantly in motion, fanning 
the water so as to change incessantly the portion with 
which they are in contact. About the middle of the 
back is placed the little transparent heart, with its 
colourless blood, which may be distinctly seen beating, 
or contracting and dilating, in the living animal; and 
between the back of the animal and the shell are seen 
the ova, which remain there until they are hatched. 

The genera and species of the Entomostraca are 
VCTy numerous. Those mentioned above will serve 
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to illustrate the general structure of the order. To 
distinguish the man'diblea (mandifula, a jaw) or 
proper jaws, the foot-jaws, and the branchial 1^, 
the animals must be dissected in water with the 
mounted needles. The Tery delicate feathery fila- 
ments of the branchiie may be best observed when 
these organs are dried on a slide. 

The Entromostaca may be kept alive in a jar 
of water with water-plants for a long period. They 
may be removed from the water for examination 
by the dipping-tube, and are best obsened in a hve- 
box. 

Arach'nida {apd)(yr}, spider) is the Class of spiderB, 
scorpions, and mites. 

Araneida. — This Order contains the more highly 
developed forms of the Class, among which are the 
common spiders of houBcs and gardens ; and some of 
their structures are very curious and interesting. 

The head of spiders is united or fused with the 
thorax, forming one piece, which is called the ceph'ale- 
thorax {Ke<j>a\ri, head, 8mpa^, chest). 

The claw-jaws, or mandibles, are terminated by a 
curved and pointed claw, with which the spiders hold 
their prey. It is traversed by a slender canal, con- 
taining a slender tube or duct leading from a poison- 
gland, and opening near its point ; and when the 
insect prey is transfixed by the mandible, the poison 
is pressed ont and enters the wound. 

Near the root or base of the mandibles on each 
side is a jointed feeler, or pal'pus ; but spiders have 
no anten'nffi. The eyes are simple, forming separate 
round shining dots, and are called ocetU {pceVlus, 
a little eye) ; they are usually placed on the top of 
the head, and are often arranged in a geometrical 
form, as a triangle, &e. 

The legs are four pairs ; they are hairy, and ter- 
minated by two or three claws, which are fringed 
with minute teeth, or pec'tinate. These claws serve 
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to comb the fibres of the web, just as we comb our 
hair with a common comb. 

The spinnerets , with which spiders form their web, 
are very curious organs. They are situated at the 
under and hind part of the body, and consist of two 
or three cones, or papillae, on each side. On the 
summits of these papillae are very numerous bristle- 
like tubes, through which the secretion of certain 
glands passes ; this secretion, when hardened by ex- 
posure to the air, forms the fibres of the web. 

On carefiilly examining a spider's web, the radial 
fibres, or those which pass from the centre to the cir- 
cumference, will be found to be smooth, these fibres 
serve to fix the web ; while the cross fibres are covered 
with numerous viscid globules, which serve to attach 
flies or other prey to them. This difierence of the 
fibres is best observed with a hand-lens. 

AcABfNA, or the Order of Mites. — Here belongs 
cheese-mite, Adams domes' ticus (PL IX. fig. 36). Its 
body is somewhat milky white, oval, and furnished 
with feathery hairs. When viewed from beneath, 
there is seen a transverse line, indicating the separa- 
tion of the thorax from the abdomen ; and another 
line in front of this, with four minute tubercles, from 
each of which arises a hair. The head is pointed and 
beak-like, forming a rostrum {rostrumy a beak), con- 
sisting of two mandibles pressed together ; these can 
only be seen to be separate when dissected apart with 
the mounted needles. Each mandible is chelate 
(j^\^, forceps), or has the form of a lobster's claw ; 
and beneath the two mandibles is a flat membranous 
under lip or labium, consolidated on each side with a 
palp. The legs are four pairs, as in all the Arachnida ; 
they are pinkish, 6-jointed, and terminated by a leaf- 
like sucker and a minute claw. 

The males (fig. 38) are smaller than the females, 
the fore legs being much stouter, and furnished with 
a blunt tooth (fig. 38 a). The eggs can often be dis- 
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tinguished within the body of the female 
they are oviil and granular. 

Another apecies of Acaras, A. sacfchari, is found 
abundantly in ordinary moist sugar. If a little of 
the sugar be placed in a wine-glassj some water added, 
and the mixture be atirred until the sugar is dissolved, 
the Acari will be found both in the sediment and 
floating on the surface. 

A somewhat larger member of the order occurs as 
a parasite upon a species of Dung-beetle [Geotrupes 
stercordrius) which is vulgarly known as the Lousy 
Watchman. The beetle is black, shaded witii 
purple, about three-quarters of an inch long, and b 
found under cow-dung. The mites cling pertinaci- 
ously to the under parts of the beetle, and can easily 
be seen with the naJced eye. They are whitish, with 
the mandibles, the sucker, and two claws very dis- 
tinct ; and the palpi are unattached to the labium, 
or free. These mites form the species Gam'aaut 
coleopirator^um. Another species, Gamasui teldrias, 
is the red spider of the greenhouse. 

TVombidium fuUgiaosum (PI, IX. fig. 37 d) ia a 
common red spider of gardens. It is of a scarlet 
colour, appearing velvety from the presence of a dense 
coat of feathery hairs {fig. 37/). The palpi of this 
mite are large, free, the last joint but one (PI. IX. 
fig. 37 a) being furnished with a claw, while the last 
joint is obtuse, and resembles a lateral appendage. 
The mandibles (fig. 37 b) are furnished with a sharp 
curved claw. The legs are long, especially the an- 
terior pair, and terminated by two claws, with a de- 
licate sucker-like appendage (fig. 37 c). 

Another species of Trombidium, T. holoserideum, 
greatly resembling the last, is also found in gardens. 
It may be easily distinguished from the last by the 
club-shaped hairs (fig. 37 e) existing upon the body. 
The harvest-bug, which causes such irritation of the 
1^ of persons who frequent corn-fields in the 



PLATE X. [page 133.] 



Insects. 



Fig. 

1. AtropospulsatonuB : * natural size. 

2. Aphts 01 Gemiium: a^foot; 6^ anal 

tube y c, antenna. 

3. Scales on wing of Apollo-butter- 

4. LUhobius forcipattu. 

5. IdthobitisforctpattiSflieajdiof: a^ an- 

tennae ; b, mandibles ; c, labial 
palpi ; d, labium. 

6. Dytiscua marginalisy head of larva. 

7. Youngs larva of Dytiscus margi- 

nalts. 

8. Pupa of Gnat {Culex pipiem), 

9. Larva of Gnat. 

10. Head of Gnat; male. 

11. Head of Gnat; female. 

12. CoccineUa 7 -punctata (iBTgeJjadj- 

bird), labium of. 

13. CocctW2^7-^nc^a^a; mandible of. 

14. CoccineUa T -punctata, labrum of. 
16. CoccineUa 7-punctata, antenna of. 

16. CoccineUa 7 -punctata f maxilla of: 

a, palp ; b, c, lobes of maxilla. 

17. Head oilfusca domestica (House- 

fly) : Uy antenna; b, labial palpi; 
Cy nrolioscis. 

18. Head oiStomoxys caleitrans : 18 a, 

antenna. 

19. Scales of insects : a, scale of Po- 

dura'y b, of House-motli (Tinea 



Fig. 

vestianeUa) ; e^ of Podura ; d, of 
Lqnsma'y e, nair of Fodwa'f 
fy scale of Cabbage-Butteiflj 
(JPontia bra8sic(s\ 

20. Head of Cabbage-Butterfly: a,aa- 

tennsB broken off; b, palp; 
Cy tongue (antlia); dy club of 
antenna. 

21. Head of human Flea (Pulex tm- 

tan8)y female ($): a, palpi) 
by maxillffi. 

22. Flea of the Rat {Pulex mum)f 

male (c?). 

23. Pterostichus (Steropua) madidut'j 

23 ay antenna. 

24. Part of leg of Pterostiehus modi' 

du8 : tty nbia ; by tarsus. 
26. Labrum of Pterostickus madidus* 

26. Mandible of Pterostiehus madidm. 

27. Labium of Pterostiehus madidut: 

tty mentum ; by labial palp. 

28. Maxilla of Pterostiehus madidm: 

ay claw ; by c, maxillary palpe. 

29. Proboscis of House-fly. 

30. Larva of Flea. 

31. Larva of Chironomtts pktmosus, 

32. Foot of House-fly. 

33. Eye of House-fly. 

34. Leg of Ant {Formiea fitted)] 

34*; pectinate process. 
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autumn^ is aUo a species of Trombidium — T. autumn 
ncUe. 

Preparation. — ^The organs of the mouth, &c., of the 
Spiders are easily prepared for examination, by care- 
fully pulling them off with forceps or the mounted 
needles, then drying them under pressure between 
two glass slips, macerating in turpentine, and mount- 
ing in balsam. Those of the Acarina should be dis- 
sected out with the needles, after the body has been 
crushed in a drop of water on a slide, and the internal 
substance has been gently washed away with a hair 
pencil. They may then be dried on a slide, with a 
cover laid on, and turpentine applied to the edge of 
the cover, balsam being added when most of this has 
evaporated. The various parts may also be mounted 
in chloride of calcium or glycerine. 

Insects. — The members of the class of Insects are 
extremely interesting to the microscopic observer, 
not only on account of the beautiful structmres which 
they present, but also from these being comparatively 
large, usually coloured, and easily distinguished under 
the lower powers. Hence they form admirable ob- 
jects for study to those who are but little accustomed 
to the use of the microscope. 

Myriap'oda {fjLvpio<:, myriad, Trovf;, foot. — This 
Order contains those insects which are popularly 
known as the hundred-legs and millepedes j by many 
zoologists they have been arranged in a distinct 
class. 

The most common member of this Order is Lithd" 
bins forcipdtus (PL X. fig. 4), which is found under 
stones, in cellars, and among garden-rubbish. It is 
of a yellowish-brown colour, with long, many-jointed^ 
gradually tapering or setaceous [sita, a bristle) anten- 
nae (figs. 4 a, 5 a), and two large and powerful mandi- 
bles (fig. 5 b) resembling those of the spiders. It 
has also a broad, notched, and toothed lower lip, or 
labium (fig. 5 d), above which are two toothed jaws, 
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or maxiUjej and two lip-feelere, or labial palpi (c). 
The eyes consist of a group of ocelli on each side (e). 
The body is protected by alternately larger and smailer 
dorsal plateSj which are fifteen in number; andthereare 
fifteen pairs of legs, which are terminated by a single 
claw. On the sides of the body will be found some 
oval dark-looking bodies, fringed with hairs; these 
are the spir'acles [spiraculum, a breathing-hole) or 
breathing-pores. They form the orifices of certain 
branched and transversely striated tubes, which are 
distributed throughout the body ; the tubes are called 
trdcheis (trachea, the windpipe), and their walls con- 
tain an elastic spiral fibre which keeps them open. 
These parts of the insect can only be distinctly seen 
when the body has been slit up on the under side; 
and, after washing away the animal matter with water 
by the aid of a hair pencilj pressed between two slides 
with a clip, dried, soaked in turirentine, and mounted 
in balsam. 

ThysanCha [SuaavoL, fringe, oiipa, tail). — The in- 
sects belonging to the genus Podura, of this Order, are 
very minute and difficult to esamine ; but they are 
specially interesting, on account of the structure of 
their scales. They are common in gardens and 
cellars, under flower-pots, &c.,and are about one-tenth 
of an inch long. They arc of a brownish or silvery- 
leaden colour, wingless, with sa legs, and when 
touched they leap like a flea. The leaping motion is 
produced by the action of the tail, which is forked 
and bent under the body. 

The body is usually covered vrith minute scales 
(PI. X. fig. 19, a, c) , and these are used as test-objects. 
The structure of the scales varies in the different 
genera and species; those usually i^ed (fig. 19a) are 
stated to belong to Podura plum'bea; it appears, 
however, that this is not correct. The scales sold as 
test-objects under this name are covered with minute 
and short raised lines (fig. 19 a), arranged in irregular 
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but somewhat parallel wavy rows. It requires a 
good microscope and a high power to show them dis- 
tinctly, and they should appear perfectly black and 
separate. The Uttle lines are much coarser in some 
scales than in others; so that there are easy and difficult 
scales, as they are called. 

The PodwTfB may be caught by holding a sheet of 
paper near their haunts and disturbing them; and 
when they have jumped upon the paper, a slide laid 
upon them and gently pressed will remove some of 
the scales for examination. 

The scales should be mounted as dry transparent 
objects ; for if wetted, they become very transparent, 
aad the markings appear removed, which however is 
not really the case. 

The scales of Lepisma saccharina (PI. X. fig. 19 d), 
a member of this Order, were formerly used as test- 
objects ; but they are too easily made out to serve 
for this purpose with modem microscopes. The in- 
sect is not common. The scales (fig. 19 d) exhibit 
continuous nearly parallel longitudinal lines or ribs. 

Anopl6ra {avoirXo^y unarmed, ovpa, tail). — This 
third Order of insects consists of the Lice of the Mam- 
malia and birds. They are minute, resembling mites 
to the naked eye, but may be at once distinguished 
from them bv the distinct head and thorax and the 
presence of six instead of eight legs. 

Some of them are suctorial, i. e, have a short and 
slender tube, with which they suck the blood of the 
animals of which they are parasites ; while others are 
mandibulate, or have mandibles, and also maxillse, 
their food consisting of portions of feathers, hairs, 
and scurf. The legs are usually short and stout, and 
the claws large and powerful, to enable them to hold 
firmly to the hairs, &c. The Anoplura are most 
abundant on dirty and diseased animals. 

Suctor'ia. — The fourth Order of insects consists of 
the genus PHlew, — Pulew irritana being the human 
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flea. Other species are found npon different animals, 
as upon the dog, the rat (PI. X.fig. 22), the fowl, the 
pigeon, &c. 

The head and the Hark, eye (fig. 21, head of the 
human flea) are very evident. Tlie antenna? or head- 
feelera are very minute and difficult to find, beiof 
sunk in a little pit or fossa behind the eye ; they may, 
however, generally be recognized by the detection (rf 
the last joint, which is pectinate or cut like a comb. 
The body, including the head, consists of thirteen 
joints, one for the head, tliree for the cheat or thorai, 
and nine for the belly or abdomen, — it being under- 
stood that by "joint" is meantaaegment, and notthe 
line of junction of two segments. Tlie indication of 
these joints is aflbrded by the horny integument 
which consists of a corresponding number of rings, 
forming in fact the skeleton of the animal. This is 
the flea, aa in all insects and other Articulata, is ex- 
ternal or cutaneous {ciUis, skin), and consists of the 
hardened skin, the peculiar animal substance of which 
it is composed being called chitiiie (x'™v, tunic). 
These chitinous rings overia]), and are composed of a 
dorsal or upper, and a ventral or lower half; and 
near the middle of each is a row of hairs directed 
backwards. Along the sides of the body of the in- 
sect may be seen a row of dots ; these are the spiracles 
or orifices of the breathing- tubes (tracheat). 

The legs are many-jointed, long, furnished with 
numerous spines, and terminated by two slightly 
curved claws, each with a little blunt tooth at its 
base. The claws are not perfectly smooth on the 
inside, but are covered with slightly raised lines, like 
a file, so that a better hold can be taken of bodies. 

But the most interesting parts of tlie flea are those 
of the mouth, with which it punctures the skin and 
sucks the blood, There are nine of these; and they are 
best seen when the bead of the flea is pidled off with 
the mounted needles, and the parts spread out and 
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mounted in balsam^ a high power being used to ex- 
amine them. One of them forms a long and slender 
bristle (seta) or tongue, furnished with distant mi- 
nute teeth. On each side of this is a flattened seta^ 
with two rows of teeth on the edges ; these are the 
lancets, and when not in use these organs are inclosed 
in two lointed sheaths. Outside these are two re- 
presentitives of jaws, or xaaxill» (6), eax^h having a 
jointed feeler or palp {a) arising &om it ; the probable 
use of the palps being to feel the position of the 
skin, so that the animal may be able to adjust the 
lancets at a proper distance for puncture. 

The eggs of the flea are often visible within the 
body of the parent ; and when this is crushed, they 
are more distinctly seen, of various sizes, and con- 
tained within a long tube, which is the ovary or egg^ 
bag. The eggs are laid by the animals upon carpets, 
woollen garments, or in the cracks of dirty floor- 
boards ; they are just perceptible to the eye as white 
oblong specks, and they may always be found on the 
rug when a cat is kept in the house. When hatched, 
they give rise to a minute white worm-like maggot, 
or larva (fig. 30), having a 12-jointed body, with two 
rudimentary antennae and two slightly curved hooks 
appended to the last joint. The mouth-organs of the 
larva are adapted for biting, and not for sucking, as 
in the perfect animal, the jaws or maxillae being dis- 
tinctly toothed. When they have acquired full 
growth, which takes place in about twelve days in 
warm weather, they spin around themselves a little 
silky cocoon, and become transformed into a chrysalis 
or pupa; and from this, in about a fortnight, the per- 
fect insect escapes. 

Dip'tbra (SW, twice, irrepovy wing). — ^This, which 
forms the fifth Order of Insects, consists of the two- 
winged insects, or flies, as the house-fly, the blue- 
bottle, the gnats, &c. 

MuEi'ciDiB. — ^The house-fly, and the blue-bottle or 
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meat-fly, are both Bpccies of the genus Mus'ca, he- 
longing to this family, the former heing Musca do- 
mes tica, the latter Musea vomito'/ia. Both these 
insects are seen to he wonderfully construeted when 
minutely examined, and they possess considerable it- 
semblance in general structure. 

On examining the head of the house-fly (PI. X. 
fig. 17) under a low power, and as an opake object, 
the observer will he struck with the remarkable ap- 
pearance presented by the two eyes, which are lai^, 
placed one on each side of the fore part of the hwd, 
and composed of Tcry numerous httle eyes closely 
packed together, or they are compound, as it is called. 
The use of this compound structure is evidently to 
enable the little animal to see in all directions with- 
out moving the head and eyes. Each little eye has 
a lens to bring the rays of light emanating from 
objects to a focus upon a ner\-e. The packing of the 
eyes together gives rise to their angular form or 
their straight sides, each of the little surfaces or facets 
being hexagonal, or bounded by six sides (fig. 83). 
In front of and between the eyes are seen the two 
small antennre ; these have three joints, the third of 
which is larger than the rest (fig. 17 a), and arising 
from near its base is a feathery bristle or seta ; these 
structures are best seen when the antenna; are pulled 
ofi* with a pair of forceps and mounted separately. 
Below the antennse, and extending downwards and 
forwards is the proboscis, or tongue, as it is called^ 
which can be entirely retracted within a pit in the 
fore part of the head, or protruded at the will of the 
animal. This is a very beautiful and complicated in- 
strument,and is best examined when spread out and se- 
parately mounted (PI.X.fig.29). It consists of a fleshy 
tube, dilated at the end into two lobes, which are 
flattened heneath to form a sucking-disk. The end 
is furnished with two solid homy lateral branches to 
keep it expanded, and with two longitudinal tubes 
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beneath^ running parallel^ from the outer sides of 
which arise numerous nearly parallel branches. These 
tubes and their branches are incomplete beneath, and 
consist of imperfect rings, otherwise greatly resembling 
tracheae. On each side of the proboscis is a lip-feeler 
or labial palpus, for the oi^an represents the labium 
of other insects. All these parts are better seen in 
the proboscis of the blow-fly than in that of the house- 
fly, on account of their lai^er size. The head, the 
thorax, and the abdomen are very distinct in the fly, 
being separated from each other by well-marked con- 
strictions. 

The legs are composed of five parts, each having a 
separate name. The first piece or joint, which is 
that attached to the body, is called the hip, or coxa; 
the next is a very small, somewhat triangular piece, 
and is the trochan'ter ; next comes the long and stout 
thigh, or femur ; this beiug succeeded by the tib'ia, 
which, as in most insects, is furnished with strong 
spines at the end ; and lastly is the foot, or tar'sus, 
consisting of five joints, the three last of which are 
represented in the figure (PI. X. fig. 32) . At the 
end of the fifth or last joint of the tarsus (fig. 32) 
(for it must be noted that the joints of the limbs of 
insects are always numbered in order of distance from 
the body) are two soft little cushions, or pulvil'li, 
which are covered on the under surface with numer- 
ous hair-Uke bodies dilated at the end, acting as 
suckers in enabling the fly to adhere to smooth sur- 
faces. In addition to these organs are two curved 
claws, and between them a sharp straight spine. 

The eggs of the fly are deposited upon heaps of de- 
caying animal and vegetable matters, as dungheaps, 
&c. The blow-fly deposits its eggs in the same situ- 
ations, but especially those where the animal matters 
are most abundant : every one knows the eggs as de- 
posited upon tainted meats, when they are called fly- 
blows. When the eggs are hatched, the larva or 
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maggots make their appearance. The larve of the 
blow-fly are well known to the angler, who uses them 
for bait, and calls them gentles. 

These larvte exhibit some interesting points of 
structure. The jointed or ringed condition of the 
body is difitiact to the naked eye. The head is pro- 
vided with two rudimentary palpi, placed each upon 
a rounded papilla ; also with two brown curved and 
bomy hooks or jaws. On the posterior end of the 
body arc two brown spots, which consist of spiracles, 
and have three sieve-Uke oblong orifices ; and at the 
anterior margin of each segment of the body are very 
numerous little short spines, with the points directed 
backwards. These answer the purpose, to some extent, 
of legs ; for when the larva is moving, and has forced 
itself through the matterin which it burrows, the little 
spines prevent the body being forced backwards as 
the head is pushed forwards and meets any resist- 
ance. 

To examine the structure of these larvie, the 
gentles should be killed by immersion for a time in 
warm water, and then dried by touching them with 
blotting-paper. The books and palpi can be seen by 
holduig the body in the forceps as an opake object. 
To observe the spiracles, the cud of the body should be 
cut ofi^, and the animal matter washed away in a wateh- 
glasa with water and a hair pencil, then spread out, 
dried between two slides, and mounted in balsam. 

The larvse of the house-fly and of the blow- fly very 
closely resemble each other, so much so that the 
former are generally overlooked ; hence it is often 
wondered where flies come from, although they are 
BO numerous in every bouse. When the larvse of 
these flies are fiiUy developed, they gradually assume 
a brown colour, the organs of the head are retracted, 
and the akin hecomes dry and hard. This is the 
state of jmpa, or ehrysalis ; and while remaining in 
this state of rest, the development of the wings, legs. 
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&c.^ takes place ; so that when the insect emerges 
from the shell of the chrysalis^ it has attained its 
highest state of development, and forms the imdgo or 
perfect insect. It may be remarked here, that when 
insects pass through the three states of larva, pupa, 
and imago, they are said to undergo complete me- 
tamorphosis. There is not a more curious object 
than that presented by the young fly contained in its 
case, as seen on carefuUy cutting away portions from 
one end of the case of the chrysalis. The body and 
head are quite white, with beautiful blood-red eyes. 

Most persons must have noticed another kind of 
house-fly, having the wings more widely separated 
than in the common fly, and moving more slowly 
through the air. This is Stomoxys catcitrans. The 
proboscis of this fly (PI. X. fig. 18) difiers from that 
of the house-fly in being longer, more bent, and but 
little expanded at the end; also in beiag provided 
with two long setae, one forming a slender sharp 
lancet, the other being somewhat stouter, and form- 
ing its sheath. The fly is thus enabled to pierce the 
flesh and suck the blood. 

Cuuc'iD^. — We will now say a few words about 
the gnats, which are old favourites for microscopic 
examination. The three states of larva, pupa, and 
imago must be pensidered separately. 

The imago 6r perfect form is well known. The 
males are easily distinguished from the females by 
the difference in structure of the antennae, which 
in the males (PI. X. fig. 10, head) are very beauti- 
fully plumose or feathery, whilst in the females 
(fig. 11) the hairs are very short — the long proboscis, 
or rostrum, or bundle of biting-organs forming the 
striking feature ; this difference is immediately evident 
to the naked eye. 

The antennae of the males (fig. 10 a) consist of 
numerous small joints, from each of which arises 
a ring of long hairs, giving the appearance of a tuft 
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on each aide when flattened for view as a transparetit 
object under the microscope; at the end are two 
longer joints, the first having a small ring of shorter 
hairs. 

The proboscis of the female is a very compliested 
organ, consisting of six separate bristle-like pieces or 
Bete, all nearly of the same length. Two of these 
are somewhat curved near the end, and provided on 
the inside with fine teeth ; another pair consists of 
very thin lancet -pointed instruments; then comes 
another lancet-pointed seta, very sharp at the end, 
and traversed by a canal ; next, a stouter and darker- 
looking tube, slit up underneath, which serves to 
contain the two toothed setae; and lastly, a stout 
and broader sheath, also slit up tliroughout its length 
beneath, in which all are packed. This sheath has 
two lobes at the end, and has some resemblance to 
the proboscis of the fly, of which organ it is the re- 
presentative. 

The gnat lays its eggs in water. The eggs are 
longish oval, with a kind of neck ait the upper end; 
they are glued together side by aide in large numbers, 
and form a boat-like mass, floating on the surface 
of the water. The larvse (PI. X. fig. 9) are very com- 
monly found skipping through the water, or hanging, 
as it were, by the tail from the surface. The head 
is very broad ; and arising from each joint of the body 
are tufts of liairs. Near the end of the body ia a 
tube which communicates vrith the tracheje; and 
when the animal is quiet, this tube is brought to the 
surface; so that when the animal appears hanging to 
the surface, it is breathing. In addition to this me- 
thod of respiration, there are other respiratory or- 
gans attached to the last joint of the body, consisting 
of leaf-like plates; hence these larvae have an aquatic 
as well as an aerial respiration : the respiratory or 
branchial plates also serve as a tail to aid in swinmiing. 
Running down the back of the larva will be seen a 
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thin delicate vessel^ dilated opposite the thorax^ and 
beating or contracting at regular intervals. This is 
tiie dorsal vessel^ the dilatation rq>resenting the heart 
of the higher animals; and it serves to propel the 
colourless blood throughout the body. 

After several moultings or castings of the skin^ to 
allow of the growth of the insect (for insects grow 
only in the larval state), the larva becomes trans- 
finrmed into the pupa (PL X. fig. 8). In this state 
the animals still move about in the water, and are 
often found suspended from its surface by two respi- 
ratory tubes^ which, however, are not connected with 
the tail, but arise from the thorax ; and the various 
parts of the perfect insect may be seen through the 
case or skin, within which they are closely packed. 

When the pupa has attained its full development, 
the perfect insect emerges from it, leaving the water 
to fly about and seek food, 

TiPu'LiDiB. — In the water of ponds and pools a young 
larva (PL X. fig. 31) will often be met with, which 
is that of Chiron' omus plumdstts, a largish gnat-like 
insect^ belonging to the daddy-long-legs family (Tipu- 
Udse). This Isurva exhibits the usual thirteen seg- 
ments, including the head. In the young state the 
body is nearly colourless ; but in the mature larva it 
is of a blood^lour, and about an inch in length. 
Beneath the first joint of the body are two foot-like 
{HTOcessea covered with hair ; and at the end of the 
body are also two processes, surmounted with hooks. 
The three last joints of the body are also furnished 
each with a pair of fleshy processes^ those of the first 
pair beii^^ very short. 

Htmenop^tera (vfifiVy membrane, Trrepov, wing). — 
Thisy which forms the sixth Order of insects, contains 
the bee, the wasp, the ant, &c. 

In the Hymenoptera there is a curious contrivance 
fiir Hnldng the two wings on each side, so that they 
may form a single piece in the flight of the insect. 
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It consists of a row of hooks, placed upon the anterior 
nerve of the hind wing, which play upon the folded, 
in coiTCsponding edge of the fore wing; the hooks, 
eliding along thia edge, allow of freedom of motion, 
although stiJ] holding the two winga together. This 
structure may be weU seen in the wings of the Humble 
Bee when mounted in balsam. 

The sting of the wasp and bee is also a singular 
organ. In both insects it is much alike, consisting 
of a sheath, slit up beneath, in which are contained 
two long setiEj or lancets, with bent-back (recurved) 
teeth near the end. These setfe are inserted into 
the flesh during the act of stinging, and at the Bsme 
time the poisonous secretion from two glands is 
forced into the wound, which caiises the severe pain 
resulting from the sting. 

In the wingless neuters of the common ant, attached 
to the end of the tibia (PI. X. fig. 34 c) is a beautiful 
pectinate process, somewhat resembling a comb (fig. 
34 a). 

Lepidop'tera (XcTTt!, scale, Trrepov, wing). — Thi» 
Order contains the butterflies and the moths, the 
entire bodies of which are covered with minute scales. 
When the insects are handled, these scales adhere to 
the fingers as a fine dust; and on pressing a slide 
against the insects, they may be removed for esaminS' 
tion. They consist of a very slender and short quill, 
by which they are attached, and a flattened plate of 
various forms (Pl.X. fig. 19, b,f) ; it is, however, ge- 
nerally narrower near the quill, and expanded towards 
the free end, where it is often cut into lobes or tooth- 
like segments. The scales are usually covered with 
continuous longitudinal lines or ridges, with granules 
of colouring-matter (pigment) situated between the 
tv/o thin layers of which the scales consist. In some 
of them the form is that of a filament, either simple 
or branched at the end (fig. 19 e), when they resemble 
minute hairs. In the males of the large white Cab- 
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bage Butterfly {Pi'eris brassficai), certain of tlie scales 
of the wings are covered with longitudinal rows of 
vei7 mihute dots (fig. 19/), and have little tassel-like 
bodies at the end. The males may be distinguished 
from the females by the front wings having no black 
spots, while those of the females have two upon each 
wing. When the scales are examined as they exist 
upon the wings of the Lepidoptera, they are found to 
be imbricated (PL X. fig. 3) or overlapping each other 
like the tiles on the roof of a house. 

The Lepidoptera suck the honey of flowers by 
means of a spiral tongue (PL X. fig. 20 c) or ant'lia 
{antlia, a sucking-tube) ; this consists of two halves, 
which represent the maxillae of other insects; and 
their margins are fringed with little tassel-like bodies, 
probably organs of taste. The antennae (fig. 20 a) 
are many-jointed, clubbed at the ends {d) in the 
butterflies, and simple in the moths. The palpi 
(fig. 20 b) are short and densely covered with scales. 
In the large eyes the facets are very distinct and 
suitable for examination. 

The larvae are well known as caterpillars. They 
have six legs, as in the perfect insects, but rudimentary 
and with single claws ; also some additional pairs of 
pro-legs, as they are called, with a crown of hooks, 
towards the hind part of the body. The spiracles of 
caterpillars are very favourable for observation. 

Neurop'tera {vevpovy nerve, Trrcpov, wing). — ^This 
Order contains the Dragon-flies (Libelldlidae), the 
Day-fly {Epheniera), &c., in which the wings are 
usually so large and so beautifully netted. The 
species figured (PL X. fig. 1), which is wingless, is 
very common in old books and in collections of dried 
plants. It is whitish, mite-like, with setaceous many- 
jointed antennae, 3-jointed tarsi, and very broad thighs 
(femora) . Its name is Atropos pulsatorHus, 

Hemip'tera {fjfii,<rv<;, half, irrepov, wing). — This 
Order contains the bugs and other noxious insects, 

o 
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Those which we shall notice are the species of A'phis, 
commonly known as Plant-lice and Green-fly, which 
are found too firequently upon unhealthy plants. The 
species figured (PL X. fig. 2) is that of the geranium 
{Pelargonium). The head is small and notched or 
emarginate. The body is oyal and furnished behind 
with two prolonged tubercles, these being covered 
with scales, giving them a somewhat striata appear- 
ance (fig. 2 b). The antennae are 6-jointed (c), the 
second joint being very small, the last joint long, ex- 
cavated on one side, and ringed : these organs are 
reflexed over the body in the natural state. There 
are two compound eyes, and three simple eyes or 
ocelli, forming a triangle on the top of the head. 
The proboscis or rostrum is bent under the body, 
4-jointed, and contains three setse, two of them form- 
ing very slender lancets. The legs are long; the 
tarei (fig. 2 a) 2-jointed, the first or basal joint being 
very minute, and the last furnished with two claws. 

In a colony of these insects, some are winged and 
some wingless; those without wings being uj»ually 
in the larva state, the pupae having rudimentary 
wings, and the males and females usually perfect 
wings. Aphis braasficce is the destructive turnip-fly, 

CoLEOP TERA («o\€o9, shcath) . — This, which is the 
last Order to be noticed, contains the Beetles, so 
easily recognized by their hard and homy fore wings 
or wing-cases. The parts of the mouth in these 
insects are exceedingly well adapted for examination; 
and as they are not fased or consolidated with each 
other, they serve to illustrate the typical constitution 
of the organs as existing in these animals. 

Pteroi tichus {Ste/opus) madHdiM (PL X. fig. 23) is 
common in cellars and garde as among vegetable rub- 
bish. The body of this beetle is shining black, the 
head projecting; the antennae (fig. 23 a) are filiform, 
and compressed towards the end. The thorax is some- 
what rounded, with a deep rough pit and a longi* 
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tudinal stria «t each posterior angle. The wing- 
cases^ or elytra, are longitudinally striated; thewings^ 
which in most beetles are concealed beneath the elytra 
when the insects are at rest, being absent, llie tibiae 
of the fore legs are notched on die inside (fig. 24 a), 
a fiinge of hairs being situated in the notch ; the 
tarsi are 5-jointed (fig. Hsb), the first four joints 
being triangular^ the last elongate and terminated 
by two curved claws. In the male the three first 
joints of the tarsi of the anterior legs (fig. 24 b) are 
dilated and heaHnshaped. 

Hie parts of the mouth (which are named after an 
analogy with those of the higher animals) consist of 
the following pieces : — An upper lip, or Idbrum (fig. 
25 a)y which is squarish (quad'rate) and slightly 
notched ; a quadrate lower lip, or labium (fig. 27), with 
a process on each side, and two 4-jointed lip-feelers 
(NT labial palpi [b] ; and below the labium is a chin, or 
menium (fig. 27a), with a projecting bifid tooth: 
these parts form the roof and the floor of the mouth. 
Next come the manldibles (fig. 26), one on each side, 
which are stout, curved, and pointed ; beneath which 
are the maxitUB (fig. 28), also one on each side, and 
provided with a fixed claw {a), ciliated on the in- 
side, and ftumished with two pairs of jaw-feelers, or 
maxillary palpi, the inner [b) being 2-jointed, while 
the outar (c) are 4-jointed. It will be noticed that 
the jaws work laterally, or from side to side, and not 
perpendicularly as in the higher animals. 

These parts may be found in most beetles which 
the observer may submit to examination, being how- 
ever somewhat modified in different genera. We 
may consider those existing in the Lady-birds, or 
species of Coccinefla, by way of comparison. The 
body in these insects is very convex, and the head 
sunk deeply in the thorax. The antennse (fig. 15) 
are short, clubbed (cldvate), and compressed. The 
thorax is short and lunate, or half-moon shaped. 

o2 
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The mandibles {fig. 13) are curved, bifid at the apex, 
and with a tooth on the inside near the hase. The 
labrum (fig. 14) is transverse, or broader than long. 
The labium (fig. 12} is furnished with two palpi, which 
are a-jointed. The maxillic (fig. 16) are two-lobed, 
the lobes [b, c) being ciliated, and the 4-joiuted palpi 
(a) have the last joint large and hatchet- shaped. 

Coleopterous insects undergo complete metamor- 
phosis, the larvffi being commonly known as grubs. 
The larvte of the aquatic beetles will often be met 
with in the water of ponds or ditches, especially that 
of the common large water-beetle [Dytiifcus mar^ 
ndlis), or water-boatman as it is called (PI. X. fig. 7), 
and in various stages of growth. The structure of 
the mouth-organs (fig. 6), which arc, however, im- 
perfect or rudimentary in some parts, can be readily 
made out; and their names may easily be found by 
comparison with what has been stated in regard to 
the organs of the perfect beetle. 

Examination, ifc. — The means of catching insects 
will readily occur to the reader. A bag-net made of 
a curved piece of cane, to which is fitted a bag made 
of net, will serve to catch those which trust to flight 
for escape from their enemies, such as the Lepidoptera; 
and these may be killed by firm pressure of the thorax 
between the finger and the thumb. The running 
insects, as the beetles, may be caught in a spoon or 
with forceps; and they may be killed by immersion 
in boiling water or in camphorated spirit. In an 
excursion, most insects may be carried in a well- 
corkcd bottle containing a little wool and a lump of 
camphor, which stupifies them. When the insects 
are dead, the limbs shoidd be extended into the na- 
tnral position by meaus of pins, the insect being 
transfixed by a pin run tlirough the thorax or one of 
the elytra and extending into a sheet of cork. To 
preserve than, they may be kept in a box, the bottom 
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of which IS covered with sheet cork, into which the 
pinB are stuck. 

The smaller beetles, &c., which cannot be trans- 
fixed with a pin, may be mounted as opake objects 
upon slips of card, the legs &c., being carefully 
spread out, and gummed in position with a strong 
edlution of gum-tragacanth in boiling water. Many 
of the smaller Curculion'idse or diamond-beetles, in 
which the labium forms a rostrum or beak, with 
elbowed or half-bent antennae, form beautiful opake 
objects when thus mounted, on account of the brilliant 
scales with which they are covered. 

There are two ways of examining insects — either in 
the entire state as opake objects or the separate parts 
mounted as transparent objects. In the former case 
the pin with which the insect is transfixed should be 
stuck into a slide made of cork, and this laid upon 
the stage, or the pin may be held by the forceps. In 
this way, with the use of the side condenser and a 
low power, the general form and arrangement of the 
parts of the insect can be made out. The more 
minute details must be searched for in the individual 
oi^ns which have been picked oflf with forceps, and 
moimted in balsam. 

If it be required to submit the parts of a dried 
insect to examination, this must be previously soaked 
in warm water for a time, as the legs, &c., become 
very brittle when dry, and are thus easily injured. 

Eotator'ia (rota, a wheel) or £otif'£RA {rota and 
ferOy to bear). — The animals contained in this class 
are minute, being just distinguishable to the naked 
eye as white specks. They are conmion in long-kept 
infusions and among Conferva in the water of pools 
and ditches. Their body is usually longer than broad, 
often presenting indications of rings ; and at or near 
the posterior end is frequently found a prolongation 
resembling a tail, but terminated by two short move- 
able thumb-like processes, rarely a sucker, which 
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enable the aniinalB to cling to objects. The most 
characteristic organ, however, is a kind of ronnded or 
OTal disk, placed at the auterior end of the body, and 
fiiniiahed with cilia. When these are iu active mo- 
tion, the organ appears as a rcTolving wheel, whence 
the name of Wheel -animalcules, hy which they are 
sometimes designated. The wheel-organ enables the 
animals to swim through tlie water, and also brings 
their food to the mouth by the currents which it 
produces. It is usually cleft into two or more lobes, 
and can be retracted, as is commonly the case when 
the animals are distm'bed. 

In many of these animals the body is more or less 
covered by a homy shell or carapace ; and in some it 
is fixed at the bottom of a tube, within which it can 
be withdra^vn. On the anterior part of the body are 
frequently seen two or more red spots, which re- 
present eyes. The alimentary canal is mostly dis- 
tinct, being indicated by the colour of its contents, 
and it is lined with cilia. Towards its front portion is 
a gizzard (PI. XI. fig. 2 a) containing teeth, which 
are sometimes attached to a jointed jaw-like frame- 
work J these are usually in active motion. No heart 
or blood-vessels have been observed in the Rotatoria; 
but on each side of the body in many of them is a 
long wavy tube, containing at intervaJs minute cUi- 
ated bodies, the cilia propelling the water through 
the tubes, and so exerting an aerating or respiratory 
function. The reproduction of the Rotatoria takes 
place by the formation of ova, which may often be 
distinguished within the body of the parent. 

Rot'tfer vulgaris (PL XI. fig. 2) is a common species. 
It has a spindle-shaped body, which is capable of con- 
traction almost into a ball. The front or head end 
is sometimes protruded (fig. 2), at others retracted 
and obscured by the exserted disk (fig. 2*) ; and be- 
neath it is a tentacle-like organ, supposed to repre- 
sent an antenna {fig. 2 b). The position of the jaws 
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Kg. 

1. AnguUMa (JDorylaimus), species 

of. 

2. JRotifer vulgaris: a, Jaws and 

teeth; b, antenna; 2*, wheel- 
organ expanded. 
8. Pterodina patina, 

4. JFlascularia omata, 

5. Hydra viridis, 

6. AreeUa vulgaris, 

7. AreeBa acuUata, 

8. AreeUa aculeata, shell with ani- 

mal. 
0. Aredla dentata, 
10. Amoeba diffluens, 

12. Adinophrys sol, 

13. Sponge; fiores of; lSa,bfCf spi- 

cules of Sponge. 

14. Sertularia pumuaf polypidom. 

15. iSSsrfM^na^mt/a; polypidom with 

16. Monas lens, 

17. Cereomonas globulus, 

18. Cereomonas erassieauda, 

19. Heteromita ovata, 

20. Anthophysa MiilUri, 

21. Dinooryon serUdaria, 

22. Traehetomonas vdvoeina, 

23. Ch<etoglena vdvoeina, 
24 EugUna viridis. 



Fig. 

25. ^«to9ia htematodes. 

26. Enchdys noduhsaj a, undergoing 

transverse division. 

27. Oxytrieha gibba ; 27 a, side view. 

28. Param«cttim aureUa: a, contrac- 

tile vesicle ; 6, a gastric sacculus. 

29. Amphileptus fasciola, 

30. CoHpoda eucmusi a, contractile 

vesicle. 

31. Nasstda elegans : a, vesicle ; 31 b, 

encysted form. 

32. Coleps hirtus, 

33. Vaginieola crystaUina, 

34 VorticeUa eonvallaria : a, stalk spi- 
rally contracted ; b, body under- 
going longitudinal division. 

35. VorticeUa eonvaUaria encysted and 

discharging the younp brood. 

36. VorticeUa eonvaUaria, body with 

nucleus (a), 

37. ChUodon eu(ndhdus, 

38. Stentor polymorphus : a, body ex- 

tended; b, body contracted; 
e, bodies ajmregated around a 
globule of jelly ; d, bodies ad- 
herent to the side of a glass. 

39. Alyscum saltans, 

40. Podophryajlxa, or the Podophryo" 

form of rortieeUa. 
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is indicated at a. The alimentary canal is seen run- 
ing down the body ; and two ova exist, one on each 
side of it, these being often recognizable by the ex- 
istence of the eyes and jaws. At the end of the body 
are two lateral processes, and a tail-like piece, which 
can be withdrawn or protruded and is furnished with 
two moveable portions or toes. 

Pterodina pafina (PI. XI. fig. 3). — This species has 
a shell or carapace on the back, a two-lobed rotatory 
organ, two eyes, and a slender wrinkled tail ciliated 
at the extremity. The curved alimentary canal, and 
the two strong muscles inclined at an angle^ are easily 
distinguishable. 

Flosculdria omdta (PI. XI. fig. 4) is a very beauti- 
ftd member of the Rotatoria, and is found adhering 
to ConfervdB and other water-plants. The body is 
club-shaped, and contained in a transparent tube; 
the ringed narrower portion being fixed to its base. 
The rotatory organ is divided into five or six lobes, 
famished with long, slender, radiating tentacular 
filaments ; these are not vibratile like ordinary cilia, 
but can be slowly moved. In the contracted state, 
the filaments form a pencil-like bundle. 

Examinatioriy 6fC. — The Rotatoria are best examined 
in the living state, the drop of water in which they 
are viewed being very small, so that their movements 
may be impeded ; and while they are struggling to 
escape, the various parts of the body wiQ come into 
view. Their preservation has been attempted by 
drying on a slide ; but when dead they become so 
contracted and altered, that it is difiicult to make out 
their structure. Should the observer wish to record 
any observations on their reproduction or habits, it 
will be well to preserve a specimen of the jaws and 
teeth, as the species might be with certainty identi- 
fied by carefal examination of their minute struc 
ture. 

Entoz6a {ivTo^y within, fcSov, animal). — ^This class 
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consists of the parasitic worms^ as the Tape- worm 
{Tania), the Thread- worm and Round^worm {Ag^ 
caris), which live within the bodies of man and ani- 
mals. It also includes the microscopic eel-like ani* 
malcules (species of AnguitbUa) which are found in 
sour paste [A. glutims), in vinegar (A, aciti), and in 
blighted wheat {A. tririci). Some of the species of 
allied genera are met with in damp moss and in the 
debris or fragments of vegetable substances decaying 
in water. The general appearance of the microscopic 
species is that of a minute colourless eel^ writhing in 
the water (Fl. XI. fig. 1). Their internal organs are 
difficult to distinguish. The alimentary canal is 
usually evident^ and dilated into a kind of stomachy 
containing near its commencement some rod-like or 
otherwise-<formed teeth. In the species figured there 
are two apparently tubular lancets, which are capable 
of protruBbn, aad erideatly serre to wound the ^7. 
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CHAPTER XII. 

RADIATA. 

Descending in the scale of animal organization^ we 
come next to the subkingdom BadiAta^ or that in 
which the parts are arranged in a radiate manner 
around a centre. Of this there are three classes, — ^the 
Echinoder'mata {ix^vo9j hedgehog, hepfia, skin), con- 
taining the Sea-urchins [Echinus), Starfishes, &c., in 
which the skin is fiimished with hard calcareous 
projecting spines or curiously formed imbedded cal- 
careous corpuscles, forming a rudimentary skeleton; 
the AcALBPHiE {aKa\rj(fyi], a nettle), or Sea-nettles ; 
and the Pol'ypi (ttoXv?, many, 7roi;9, foot), to which 
we shall confine our notice. It may be remarked 
that the last two classes have recently been united to 
form the single class Ccelenterata {kolXov, hollow, 
evrepov, intestine). 

Polypi. — ^These animals are mostly marine. They 
are either single (PI. XI. fig. 5), or compound (PI. XI, 
fig. 15), i. e. the bodies are united ; in the latter 
case the bodies being usually situated in homy cells 
upon a branched polypidom. But in many of them, 
which do not occur in this country, there is an in- 
ternal solid calcareous skeleton, of which coral is an 
example. The animal bodies are soft, and fiimished 
at the front end with a crown of tentacles (fig. 15 a) ; 
these are contractile, and serve to enable the animals 
to catch their prey. The homy, branched, and plant- 
hke polypidoms are often found on the seashore, and 
are popularly confounded with sea- weeds. 

Hydra vulgaris (PI. XI. fig. 5) is a fresh-water 
species, which is commonly met with among collec- 
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tions of water-plants, and may generally be obtained 
by collecting some of these and placing them in a 
glass jar of fresli water. When the water has stood 
for some liours, the Polypes will be seen, on careful . 
examination, adhering to the sides of the glass. The 
body of the animals is cylindrical, hollow, and fur- 
nished with from six to ten tentacles, arranged in a 
circle, in the centre of which is the mouth. The 
tentacles are hollow, and communicate with the 
cavity of the body. On examination with a high 
power, the tentacles will be found to exhibit minute 
oval sacs, containing a long fibre coiled up within 
them ; and when the tentsieles are touched by any 
foreign body, the fibres are suddenly discharged. 
These are the stinging or urticating organs. The 
Hydra mo\-e very slowly ; hut the body is very con- 
tractile, and is often seen of various forms. When 
a minute animal, as an Entomostracan, happens to 
come into contact with the tentacles, these curve 
around it, holding it firmly, and finally bringing it 
to the mouth. It is then forced into the cavity of 
the body of the animal, where it is digested, the re- 
mains being discharged at the mouth. The move- 
ments of the Hydra, when devouring its prey, form 
a very curious and interesting spectacle. The Hydra 
are propagated by budding or gemmation, also by 
the formation of capsules in the walls of the body, 
containing ova and spermatozoa. The young Polypes 
formed by budding are represented in the figure, ad- 
hering to the base of the parent. 

Sertuldria pumila (PL XI. fig. 15} is a marine 
species, the polypidom being frequently found ad- 
hering to Fuci and other sea-wccds ; it is about half 
an inch long. The cells are opposite, pointed at the 
ends, and with an oblique orifice. The tentacles are 
fourteen in this species. In the summer large ovate 
cells are found, arising from the polypidom; these 
contain the eggs, and are called ovisacs or ovig'erous 
vesicles. 
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CHAPTER XIII. 

pbotoz6a (7rpa)T09, first, JSov, animal). 

The members of this subkingdom are the lowest in the 
scale of animal organization, their bodies consisting of 
a soft gelatinous and structureless mass, which has a 
remarkable tendency to form little cavities or vacuoles 
in its substance, and is called ear' code {a-ap^, flesh). 
They exhibit no organs, unless the cilia and certain 
yariable processes formed of the common substance 
of the body, and which form their agents of locomo- 
tion, be considered as such, — ^this substance exercising 
the combined functions of motion, sensation, and se- 
cretion, for which separate organs exist in the higher 
animals. 

Rhizop'oda (p/Ja, root, irov^, foot). — The animals 
belonging to this class consist of the structureless 
colourless substance to which reference has been 
made as sarcode, and they exhibit no organs. The 
sarcodic body is slowly contractile, and portions of 
it can be protruded at will in the form of irregular 
root-like processes, acting both as legs for locomotion 
and as tentacles by which the animal grasps its prey, 
which is then forced into the substance of the body, 
where it becomes surrounded by the siirface, and a 
cavity is formed, within which it is digested. 

Amce'ba diffiluens (PL XI. fig. 10) is common in 
water in which portions of plants have been kept for 
some time. When first placed on the slide, the body 
appears as a minute, transparent, rounded mass of 
jelly ; but if observed for some time, it wiU be seen 
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slowly to protrude its root-like processes ; and foreign 
bodies^ as Diatomacese or other minute Algse^ will 
often be found imbedded in its substance. 

Arcetla vulgaris (PI. XI. fig. 6) is foimd among 
ConfervtB in ponds and ditch-water. It is contained 
in a hemispherical shell or carapace^ &om the round 
orifice of which the lobed processes are protruded. 
The shell is covered with minute pits. 

Arcetla aculedta (PI. XI. fig. 7) has the convex 
shell furnished with spines; fig. 8 represents the 
animal with its processes extended ; while Arcelia 
dentdta (PI. XI. fig. 9) exhibits an angular or some- 
what toothed membranous shell. Both the latter 
species are met with in the same localities as the 
first. 

Actinophrya sol (PI. XI. fig. 12) is a very beautiful 
and excessively delicate Rhizopod. The body is 
spherical^ and covered with very delicate and slender 
cilia-like processes. Its movements are exceedingly 
slow, and can only be observed by prolonged watch- 
ing. The body appears to be reticulated, from the 
presence of numerous vacuoles. 

Two large groups of genera and species of Rhizo- 
poda, the animal bodies possessing the above general 
characters, mostly with very slender processes, exist, 
in one of which (the Foraminifera) they are con- 
tained in calcareous shells, often of elegant forms; 
while in the other (the Polycystina) the shells are 
siliceous or composed of flint, both kinds of shells 
being perforated with holes. These shells, which occur 
in the fossil state in enormous numbers, sometimes 
forming mountain-masses, are extremely beautiftd 
objects for the microscope. 

Spon'gi-«:. — ^This class contains the Sponges, almost 
all of which are marine and foreign, and therefore 
not likely to come under observation in the per- 
fect state. The substance commonly called sponge 
is the homy skeleton of the animal, consisting usuaUy 
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of rounded fibres (PL XI. fig. 13)^ irregularly netted 
and interlacing. The surflEU^e of a sponge exhibits 
minute pores and larger pouting orifices ; the former 
of which admit currents of water^ to be discharged at 
the latter^ both being the mouths of continuous chan* 
nels. The surfsices of the channels are lined with 
sarcodic matter^ which takes the fi)rm of ciliated 
amosbiform bodies^ by which the currents of liquid 
are produced. 

The homy fibres of sponges are strengthened by 
little siliceous or flinty bodies of various forms (PL XL 
fig. 13 ay b, c)j which are imbedded in the substance of 
the fibres or attached to their surface, and form very 
curious microscopic objects. They are called spic'ula 
{spiculum, a dart), being often of a pointed form. In 
some spouses they are calcareous. 

Infusor ia. — The animals contained in this class 
are usually very minute, being rarely even perceptible 
to the naked eye, except when existing in very large 
numbers, so as to render the water milky, green, or 
red. They are found in all kinds of water, but espe-^ 
cially in stagnant pools and in decomposing solutions 
or infusions of vegetable matters. The true structure 
of their bodies is a matter of doubt, some authors 
having considered them as being highly organized, 
while others have regarded them as consisting of 
simple cells ; and whether they are correctly referred 
to the Protozoa must remain at present a matter of 
doubt. The body is of various forms, as represented 
in Plate XI. figs. 16-40. In some of them it con- 
sists of a simple sarcodic mass, evidently without 
any outer skin, as shown by its ready adhesion and 
laceration on accidental contact with foreign bodies ; 
while in others the surfiu^e is regularly dotted with 
little depressions, or with nodules, so as to resemble 
a definitely organized structure. 

The most striking character of the Infusoria is the 
presence of vibratile dlia, which are variously ar- 
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raoged; in 6ome entirely covering the body, irre^jiilarly 
or in regular rowg, in others being situat»3 at definite 
parts only. By the action of the cilia they are en- 
ahled to swim freely in the water, also to obtain their 
food, which consists of minute Alga; or fragments of 
animal matter. In many of them there is a special 
row or set of cilia, which, by the currents it prodnces, 
urges the particles of food suspended in the water 
towards the mouth. The cilia also act as respiratory 
organs, by changing the water with which their bodies 
are in contact. In some of the species there are 
stout bristles or setfe, by which they are enabled to 
crawl upon water-plants. 

On carefiilly examining the bodies of the Infusoria, 
rounded granular spots will be seen, frequently con- 
taining minute Algffi, &c. (fig. 286), These spots are 
the digestive cavities, and have been called ganiric 
eac'culi ; but whether they are definite sacs or mere ' 
excavations, formed by the particles of food having 
been forced into the softer internal substance of the 
body, has not been positively determined. The sac- 
culi may be filled artificially by mising very fine 
indigo, or carmine, on a slide with the water in which 
the Infusoria are contained. A definite food-tube or 
alimentary canal has been detected in a few of the In- 
fusoria; hut it cannot be shown to exist in the ma- 
jority of them. 

A mouth exists in most of them, and is sometimes 
indicated by a row or set of cilia somewhat larger 
than those existing upon other parts of the body, 
and leading to or placed near it. The particles of 
food which have entered the body are often seen to 
pass round it, as if circulating, descending on one 
side and ascending on the other. 

In addition to the gastric sacculi, certain clear 
transparent spots may also be seen within the body, 
appearing light or dark according to the adjustment 
of the focus. If these are attentively watched, they 
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I be seen to contract and finally disappear, be- 
coming again distended and vanialiing at tolerably 
Kgular inter\-als. These are the contractile vesicles 
ffigs. 27 a, 28 a, 37 a), and they contain a clear 
'iqnid, the nature of which is uncertain. 
In many of the Infusoria is a round or elongate 
ranular body (flga. 31 a, 36 a), which is called the 
Bacleus, the term having been applied to it from a 
Ipotion that the Infusoria consisted of simple cells, 
\l. minute red spot is also often seen at the anterior 
bnd of the body, which is supposed to represent an 
^e, and is called an eye-spot. The Infusoria are 
ropagated in several ways : — by budding or gem- 
lation, new beings sprouting out in a bud-like form, 
Ifiually from the base of tlie parent; by divisionj 
either transverse (fig. 26 a) or longitudinal {fig. 34 6), 
f the body gradually into two parts, each of which 
(absequently becomes a perfect animal ; by encyst- 
ing, the body contracting into a globular form, and 
Ibnmng a firm coat around it, the contents becoming 
solved into a numerous progeny of young ; and by 
mjugation and the agency of spermatozoa and ova. 
ffe will now proceed to the examination of a few 
i, arranging them in the order of the families 
a which they belong. 
Monad'ina. — In this family the bodies of the In- 
soria are very soft, and without a skin or iutegu- 
lent ; they are also exceedingly minute, and will not 
*mit the particles of indigo. 
Monas lens (PI. XI. fig. 16) is very minute, and 
mmonly found in old infiisions. Its body is rounded 
md flattened, and granular on the surface. At the 
'rent end of the body is a whip-like or flagel'liform 
fiagetlum, a whip) filament, differing from a cilium 
a being rigid at the base and moveable at the end 
|:only, by which it is enabled to row itself through the 
■ water with a vrriggling motion. 

Cercom'onas glob'ulus (fig. 1 7) has a spherical body. 
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with two 0agelliform filaments, one arising from ib^ 
front, the other from the end of the body. In Cer^ 
comonas crasaicau'da (fig. 18) the posterior filament 
is replaced by a tail-like narrowing of the body. 

Heterotn'ila ovdia {fig. 19) has the body ovate, 
with two long anterior flagellifomi filaments, one ot 
which is directed forwards, while the other trails 
behind. 

Anthophy'sa mutleri (fig. 20) has the monad bodies 
arranged in little heads at the ends of au irregularly 
branched brown stalk. After a time they become 
detached and revolve freely in the water. 

Di\obry'ina. — Dinobry'on serluldria (PI. XI. fig. 
31) forma a minute Sertul aria-like polypidom, con- 
sisting of rows of cells, each containing an oval 
monad with a single anterior filament. The two last 
species are common in hog- water, 

Thecamosad'ina. — In these Infusoria the body is 
incIoBed in a firm and sometimes brittle shell or cara- 
pace. 

Trachelom'onai volvoc'ina (PI. XI. fig. 22) has a 
Bpherical red shell, the body being furnished vrith a 
single filament and a minute red eye-apot ; while 
ChtetogUna volvoc'ina (fig. 23) has an oblong shell, 
covered with little spines. 

EcGLKNiA. — In this family the form of the body 
is constantly changing, being at one time spherical, 
at another fusiform or ovate. It is covered vrith a 
contractile skin or firmer external portion, and haa 
one or more flagelliform filaments for locomotion. 
The species are common in stagnant pools, often 
colouring the water green or red. 

Euglena vir'idis (PI. XI. fig, 24) has a spindle- 
shaped body when fully expanded, the ends being 
pale ; and at the front end is a red eye-spot. 

Astasia htematodes (fig. 25), which is probably a 
form of the Euglena, is found in stagnant pools, whiclt 
it renders red. It has no eye-spot. 
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Enchelia. — ^These InAisoria are found in stagnant 
"^ater and in decomposing infusions. The body is 
covered with cilia variously arranged^ but there is no 
integument nor mouth. 

Enfchelys noduldsa (PL XI. fig. 26) has a colourless, 
oblong, irregularly nodular body, coated with very 
slender radiating cilia, and often exhibits numerous 
vacuoles. It is fi-equently found undergoing trans- 
verse division (fig. 26 a), the body becoming gradually 
constricted until it separates into two parts, which 
become perfect animals. 

Alyscum sattans (fig. 39) has an ovoid-oblong, 
slightly furrowed body, surrounded with radiating 
cilia, and has a side bundle of long retractile cilia, by 
means of which it leaps &om place to place in the 
water. 

K£r6nia. — In this family the body is soft, irregu- 
larly ciliated, without a special integument, but has 
an oblique row of vibratile cilia leading to the mouth, 
and stouter cilia or bristles (setae) on certain parts of 
the body. The sacculi often contain Diatomaceae, &c. 

Oxytricha gib'ba (PI. XI. fig. 27) has a colourless, 
oblong body, somewhat expanded in the middle, with 
setae at the two ends. In the side view (fig. 27 a), 
the body is seen to be convex above and flattened 
beneath. 

Paramec'ina. — ^The species belonging to this family 
have a soft, flexible body, which is usually oblong and 
flattened beneath, with an integument covered regu- 
larly with pits and rows of cilia. 

Cotpoda cucuVhis (PI. XI. fig. 30) has a slightly 
compressed body, ciliated all over, and kidney-shaped 
or rounded on one side and notched on the other, the 
surface exhibiting rows of nodules. The mouth is 
situated at the bottom of the notch. 

Paramecium aurilia (fig. 28) has the body oblong 
or oblong-ovate, the mouth being placed near the 
anterior third of its under part. This infusorium is 
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of comparatively large size, and is often found in 
immense numbers in infiisions, wbich it renders milky. 
It is admirably adapted for showing the saeculij which 
are easily tilled with indigo. The body exhibits two 
remarkable stellate organs, consisting of a central 
contractile vesicle, surrounded by several radiately 
placed oval vesicles, which may be seen to contract 
and dilate with great regularity. The body is coated 
with very fine cUia. 

Amphilep'Uis fasciola (fig. 29) ia furnished with an 
elongate fusiform or lanceolate flattened body, with a 
lateral oblique mouth. 

Chitodon eucitdulus (fig. 37) has an oblong thin 
body, irregularly wavy on the sides ; the mouth being 
situated obliquely in front of the middle, and fiir- 
nished with a cylinder of parallel rod-like teeth. 

Nas'sula eVegans (fig. .31) has the body ovoid or 
oblong, becoming globular when contracted, the 
mouth being funiished with teeth as in Chilodon. It 
is often found among' Oscillatorite. 

UacEOLARfNA, — Vorticella convalldria (PI. XI. fig. 
34) is very commonly met with in decomposing infii- 
sions. The beU-shaped body is fixed at the end of a 
slender stalk, which is often seen to be extended and 
then suddenly contracted into a spiral (fig. 34 a). 
The cilia are arranged around a raised rim at the 
front of the body, and extend down a fissure leading 
to the mouth. The sacculi of this infusorium may 
be readily filled with indigo. The process of longi- 
tudinal division may also often be observed, taking 
about an hour for its completion ; and when the new 
individual ia about to separate from the parent, a ring 
of cilia may be noticed to have sprung up around the 
base (fig. 36), The encysting process is also often 
visible, the cilia disappearing, and the body becoming 
globidar and secreting a cyst around it ; after a time 
the contents become resolved into a number of em- 
bryos, which escape by the bursting of the cyst 
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^fig. 35). In some cases the Vorticella assumes the 
:form of a PodopKrya (fig. 40), the sm*face becoming 
covered with tentacle-like processes* This Podophrya 
was formerly considered a distinct species. 

Vaginicola crystallina (fig. 38) is contained in a 
crystalline tube, from which the body can be pro- 
truded. The body is of variable form, presenting 
when fully extended a trumpet shape. The cilia exist 
at the anterior end, and extend down a lateral fissure 
as in Vorticella. It is found attached to Confervse in 
the water of ponds and bog-pools. 

Sten'tor polymo/phtts (fig. 88) is a very beautiful 
trumpet-shaped infusorium, the body beinff covered 
with ^iral rows of cilia. The rim ^ fumifhed with 
stouter cilia, its margins at the notch being spirally 
turned inwards. This infusorium is often found in 
httle groups attached to a gelatinous mass (fig. 38 c) ; 
and it is met with also in a free or imattached state. 

CoLEp'iNA. — Cdleps hi'Htus (fig. 32) has a barrel- 
shaped carapace, transversely and longitudinally fttr- 
rowed, the furrows being occupied by cilia. It has 
two or three spines behind, and ten or twelve at the 
front end of the carapace. It is common amonff 
Confervse, and is very voracious, feeding upon dead 
Entomostraca, &c. ; and if disturbed, at its meal by 
moving the cover, it will soon return and resimie 
feeding as before. 

Examination, — ^The Infusoria must be examined 
during life ; for they are so altered by preservative 
liquid that they cannot be well preserved. The 
shells of those that are provided with them may be 
kept simply dried upon a slide, and in this way a few 
will retam their form, and the cilia of all may be more 
easily distinguished ; the vacuoles may also then be 
seen very distinctly. When they are confined in a 
small quantity of water and are about to die, a curious 
phenomenon may be observed in them, a number of 
oil-like sarcodic globules exuding from the body, and 
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within these, vacuoles may often be seen to fomi- 
spontaneously. 

The Infusoria may be collected in small phials ; but 
it is difficult to keep them, a« they form the food of 
the Entomoatraca, the Rotatoria, and the larvae of 
insects ; so that their enemies are very numerous, and 
they soon disappear. 




Classipication", — Before leaving the subject of 
living bodies^it may be well to make a few remarks 
upon their systematic relation as defined by classi- 
fication . 

All natural bodies are referable to one of three 
great kingdoms, viz. the Animal, the Vegetable, or 
the Mineral Kingdom. The bodies belonging to the 
latter seldom come under the notice of the micro- 
scopic observer, as they are mostly visible to the 
naked eye, and their minute structure is the same as 
that of the larger masses. The general structure of 
the members of the vegetable and animal kingdoms 
has been illustrated in the preceding pages. These 
bodies are distinguished from those of the mineral 
kingdom by their vital power of appropriating sur- 
rounding matters to their own nutrition and growth — 
this power being exercised by their organs, or, in the 
lowest forms, by any portion of their substance. 
Hence animals and vegetables or plants are termed 
organic bodies, while minerals are termed inorganic 
bodies, as having no organs ; and the material of 
which organic bodies consist is termed organic mat- 
ter, that of minerals being inorganic matter. But in 
both animals and plants inorganic matter is mised 
with the organic matter, having been taken up or 
absorbed from the inorganic kingdom, although it 
does not usually exist in its characteristic condition, 
which is that of crystals, i. e. angular sohds, as crystals 
of Epsom salts, &c. THie individual members of the 
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Animal and yegetable kingdoms are systematically 
^vided into certain groups^ and these into successively 
emaller groups until we arrive at the species* These 
fproups are founded upon the possession of certain 
points of resemblance by their members^ forming the 
distinguishing characters, and their names are signi- 
ficant and definite. They usually run as follows, the 
larger and higher groups standing first in order :— 
Kingdoms, Subkingdoms, Classes, Orders, Families, 
Tribes, Genera, and Species. But it must be observed 
that the term species has a difi^erent value &om that 
of the other terms ; for the individuals of which the 
species consist are not only related by resemblance 
of structure, but also by their origin — being supposed 
to have derived their origin from a parent of original 
creation ; while the other groups have, as far as we 
know, no other relation than that of similarity of 
structure. 

It is obvious that the characters of the various 
groups might be founded upon peculiarities of any 
kind. But on this point two methods must be speci- 
ally distinguished, in one of which the groups are 
founded upon the sum of all the peculiarities, while 
in the other they are based upon the structure of 
single parts or organs. In the former case the system 
is caUed natural, in the latter artificial. And while the 
latter often brings together beings which have per- 
haps but one or two points of resemblance, and sepa- 
rates others which are closely related, the former 
associates those which are really and naturally similar. 

All the groups have special names, so that they 
may be referred to and spoken of as in the case of 
common things ; the names being composed of Greek 
or Latin words, so that they may be intelligible to all 
nations ; and as these are dead languages, they will 
remain good for all time. 

In mentioning the name of an animal or plant, the 
name of the genus is always used with that of the 
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species ; thus^ the name of Chickweed is Stellaria 
media. Because there are mostly several species in 
a genus ; so that if the name of the genus only were 
used^ the species meant would be uncertain ; and as 
there are often species of the same name in different 
genera/if the name of the species only were used^ the 
genus meant would be doubtftd. 

The classification of animals and plants serves two 
important purposes : one is that the structural pecu- 
liarities and affinities of the groups may be contrasted 
and a knowledge of their absolute and their differ- 
ential characters acquired^ and for this a natural 
system is eminently serviceable ; the second is that of 
enabling any animal or plant to be simply distin- 
guished from any other^ for which an artificial or 
analytical system is extremely useful. 
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CHAPTER XIV. 

OPTICAL PUNCIPLE8. 

We shall now devote a few pages to the consideration 
of the nature of lights and the optical principles in- 
volved in the construction and use of the microscope. 
Two theories of light have been propounded. Accord- 
ing to one^ light consists of minute particles emana- 
ting from self-luminous bodies^ as the sun^ a candle, 
or a red-hot piece of iron ; this is called the corpuscular 
theory. According to the other^ light consists of 
waves or undulations like those of water or the 
ears of com set in motion by the wind^ of the mole- 
cules of an extremely subtle and rarifi^ elastic mat- 
ter^ called ether^ existing everywhere, and set in mo- 
tion by the causes which produce light ; this is called 
the undulatory theory. The consideration of the 
merits of these two theories would be foreign to our 
purpose : suffice it to say that the evidence in favour 
of the undulatory theory preponderates, so that the 
corpuscular theory is now laid aside. 

It will oft^i be requisite to make use of the term 
ray of light, by which most be understood the tmalU 
est bundle of luminous undulations which can be 
separated from a mats of light — as by passing light 
through a small hole in an c^ake body, or hy any 
equivalent method. 

The most casual observer must have noticed that 
the rays of light move in straight Lines, as when the 
sun's rays are seen entering a dark room through a 
small wmdow or other aperture, their direction being 
then distinctb^ visible; the manner in which ordinary 
shadows are uxrmed also illustrates the saoie fact* 
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Refraction. — But when the raya in their j 
impinge or are incident upon aud enter a tranapa,- 
rent medium or material, of a different density from 
that which they were at first traversing, their course 
hccomes altered, and the line of their direction broken, 
whence they are said to be refracted. If the medium 
upon which the rays impinge be denser than that 
through which they were at first passing, they will 
be refracted towards a line perpendicular to the sur- 
face, or they will be refracted towards the perpen- 
dicuJar, as it is expressed. 

Thus, as shown in PI. XII. fig. 1, the incident ray 
(, entering the plate of glass, will be refracted at ita 
surface in the direction a r, towards the \iuep, which 
is perpendicular to the surface. 

The extent to which tlie rays undergo refi^ction 
depends upon the degree of density of the medium, 
and varies in the case of each individual substaucej 
but it follows a definite law. If, as iu PI. XII. fig. 2, 
a circle be drawn arouud the point i, at which the ray 
a is incident, br representing the refracted ray, the 
lines s i and t r, drawn at right angles to the perpen- 
dicular p, will form respectively the sines, as they are 
called, of the angles sfti and tbr; si being the sine of 
the angle of incidence sbi, or the angle formed by the 
incident ray with the perpendicular, and t r the sine 
of the angle of refraction tbr, or of that formed by 
the refracted ray with the perpendicular. These sines, 
for brevity, are called the sines of incidence and of 
refraction j and they bear a constant ratio or propor- 
tion to each other. Taking the sine of refraction as 
the unit, or as =1, the value of the sine of incidence 
represents the refractive index or the refractive power 
of the medium for a ray entering the medium from a 
vacuum; or, the refractive power of air being ex- 
tremely Hmall, the value of the sine of incidence may 
be considered as representing the refractive power 
from air into the medium. 



PLATE XII. [page 168.] 
Optical pbincipi^s. 



Fig. 

1. Refraction through a glass plate. 

2. Law of refraction. 

3. Reflexion from a plane surface. 

4. Reflexion from a concave mirror. 

5. Refraction at a curved surfisuse. 

6. A doubly convex lens. 

7. A plano-convex lens. 

8. A doubly concave lens. 

9. A plano-concave lens. 

10. A concavo-convex lens, or me- 

niscus. 

11. Refraction through a convex lens. 

12. Relation of a convex lens to 

prisms. 

13. Relation of a concave lens to 

prisms. 

14. Refraction of parallel rays through 

a convex lens. 

15. Refraction of converging rays 

through a convex lens. 



Fig. 

16. Refraction of diverging rays 

through a convex lens. 

17. Refraction of parallel rays through 

a concave lens. 

18. Spherical aberration. 

19. Dispersion and formation of a 

spectrum. 

20. Chromatic aberration. 

21. Formation of images in the eye. 

22. An^le of vision. 

23. Objects too near the eye. 

24 Action of convex lens in vision. 
26. Aplanatism. 

26. Aoerration produced by cover. 

27. Course of rays through the mi- 

croscope. 

28. Achromatism. 

29. Waves of light conspiring (a, h)f 

and interfering (b, e), 

30. Polarization : ty tourmaline ; d, cry- 

stal; 8f ciystal of calcareous spar. 
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Although the ratio of the sines is constant^ the re- 
fractive index varies in different media. Thus that 
of air is 10003 ; of water, 1'336 ; of Canada balsam^ 
1*549; of crown glass, from which window-panes are 
made, 1*535; of flint glass, from which bottles are 
made, 1'6 ; of Faraday's heavy glass, composed of sili- 
cated borate of lead, 1*8; and of that consisting of 
borate of lead, 2*0, 

A knowledge of this " law of the sines '^ is of prac- 
tical importance in determining the direction which 
the rays will pursue when transmitted through glass 
lenses, &c, the refractive index of which is known; 
or in ascertaining the curve which should be given to 
their surfaces for producing a particular refraction 
and focal length. Thus, supposing the plate of glass 
in PL I. fig. 2 to consist of crown glass, the refractive 
index of which is 1*5, the length of the sine of re- 
fraction, tr, will be equal to one part or dimension^ 
while the sine of incidence, 8 i, is equal to one part 
and a half. 

It must be remarked that when light is incident at 
a right angle to the surface of the medium, no re- 
fraction takes place, the transmitted ray pursuing its 
original course. 

When a ray of light leaves a denser medium, such 
as glass, to enter a rarer medium, such as air, it be- 
comes refracted from the perpendicular. In such case, 
the angle of refraction being greater than the angle 
of incidence, its sine will also be greater than that of 
the latter ; but the ratio is still preserved. 

Reflexion. — ^When rays of light fall upon a plane 
surface, as the flat surface of the mirror, a greater or 
less number of them are reflected, and this accord- 
ing to a definite law, by which the angle of incidence, 
or that formed by the incident ray with the perpen- 
dicular, is equal to the angle of reflexion, or that 
formed by the reflected ray with the same. Thus, as 
shown in PL XII, fig, 3, the angle i bp, formed by 
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the incident ray ib with the perpendicular^, is equal 
to the angle pbr, formed by the reflected ray br 
with the perpendicular^ 6. 

If the body upon the surface of which the rays are 
incident be transparent, some of the rays will be re- 
fracted and will pass through it, whilst othera will be 
reflected. The proportion of those reflected is small- 
eat when the rays are incident perpendicularly to the 
surface; but this increases as tlie incident rays be- 
come more oblique, i. e. as the angle of incidence be- 
comes greater, although at no degree of obliquity are 
the whole of the rays reflected. The ease is different, 
however, with those rays which enter the substance 
and impinge upon its inner or second surface; for 
these at a particular angle of incidence undergo total 
reflexion, so that none of the rays are ti'ansm.itted at 
the second surface. The angle of total reflexion is 
constant for the same medium, but different for dif- 
ferent media : thus in crown glass it is equal to about 
40°, in flint-glass 38°, &c. ; and this internal reflexion 
from the second surface of transparent media is more 
perfect than that occurring at the surface of opake 
reflecting surfaces or mirrors. 

If the reflecting surface be concave, as in PI. XH. 
fig. 4, parallel rays will be reflected to a focus a, nearer 
the mirror than the centre of its cui-vatnre d, and this 
focus is called the principal focus; while diverging 
rays are brought to a focus nearer the centre of cur- 
vature; and converging rays form a focus further 
from the centre of curvature. 

Lenses. — In most instances, as far as the microscope 
is concerned, the surfaces of the glass through which 
the rays of light are transmitted are not plane or flat, 
but curved — being either couves or concave, and be- 
longing to convex or concave lenses. In considering 
the course of rays through curved surfaces, the re- 
fraction may be viewed as taking place at a plane 
surface forming a tangent at the poiut of incidence of 
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each ray ; or each curved surface may be regarded as 
consisting of a number of minute plane surfaces 
placed at right angles to the perpendicular. Thus, in 
Pl. XII. fig. 5, the ray a, incident at the point b of 
the curved surface, is refracted towards the perpen- 
dicular /?, as if it had fallen upon the plane surface 
represented by the tangent /. The forms of the most 
common lenses are represented in PI. XII. figs. 6-10; 
—fig. 6 being doubly convex, or both surfaces being 
convex; fig. 7, plano-convex, or one surface plane, 
the other convex; fig. 8, doubly concave, or both 
surfaces being concave ; fig. 9, plano-concave, one sur- 
face being plane, the other concave ; and fig. 10 is a 
meniscus, in which one surface is convex and the other 
concave. The curved surfaces of lenses are usually 
portions of spheres. 

The manner in which the course of a ray may be 
traced through a lens is illustrated by PI. I. fig. 11, 
which requires no explanation after what has been 
already stated. 

To fecilitate the comprehension of the general ac- 
tion of lenses, they may be regarded as composed of 
two triangular prisms, with their bases in contact in 
a convex lens, as in fig. 12; their apices being op- 
posed in a concave lens, as in fig. 13. 

The point to which the rays converge after passing 
through a convex lens is called the focus (PI. XII. 
fig. 14/), the distance of which from the centre of the 
lens, called the focal length, obviously depends upon 
the direction of the incident rays. When these are 
parallel, which those coming from distant objects 
may be considered to be, the focus at which they 
meet is called the principal focus, or the focus for 
parallel rays : thus, in PI. XII. fig. 14, the parallel 
rays meet at/, which is the principal focus. 

If the incident rays are convergent, as in PI. XII, 
fig. 15, the focus will be situated nearer the lens 
than the principal focus,/ If, on the other hand^ 
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they are divergent, as in PL XII. fig. 16, the focus/will' 
be situated further from the lens than the principal 
focus 0. By concave lenses the incident rays are ren- 
dered divergent, as in PI. XII. fig. 17, as if they ema- 
nated from a point/, situated on the same side of the 
lens as that upon which the rays are incident, and 
called the virtual focus. 

Spherical aberration. — Although, as a general ex- 
pression, we have stated that the rays of light meet 
at a focus on passing through a convex lens, this is 
not strictly correct. For, in ordinary convex lenses, 
the marginal rays are more refracted than the central 
ones, and meet at focal points nearer the lens than the 
latter, as shown in PL XII. fig. 18. This important 
defect is called spherical aberration, and arises from 
the lateral rays being incident upon more oblique 
portions of the curved surface of the lens than the 
central rays. Hence objects seen through such lenses 
appear misty and confused, the central and lateral 
parts of a flat object not being visible at the same 
time; and even when the marginal parts are visible, 
they appear distorted or deformed. 

Spherical aberration is greatest in the most convex 
lenses ; and, in a plano-convex lens, it is least when 
parallel rays enter at or emerge from its convex sur- 
face. 

In certain lenses, the convex surface of which has 
the form of a parabola, a hyperbola, or an ellipse, 
the spherical aberration is absent; but it is impos- 
sible to grind microscopic lenses of these forms with 
absolute accuracy, so that the fact is of no practical 
value. 

The form of simple convex lens most free from 
aberration is that in which the curves of the two sur- 
faces form parts of a sphere, the radii of the curves 
being as 1 to 6 ; the focal length being rather less 
than twice the length of the radius of the most con- 
vex surface. This form of lens comes very near to 
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a plano-convex lens^ which is consequently the best 
form for a simple lens. 

Dispersion, or Chromatic Aberration. — ^The rays of 
light have so far been considered as simple. They 
are, however, in reality compound, consisting of a 
number of primary-coloured rays, of which seven kinds 
are easily distinguishable, via. red, orange, yellow, 
green, blue, indigo, and violet. The coloured rays of 
the sun are, as is well known, often seen separated 
by the action of the triangular glass bars or prisms 
forming the lustres of a chandelier ; the separation 
arising from the different refrangibility of the coloured 
^ys, by which each is refracted to a different degree 
from that of the others. This is shown in PI. XII. 
fig. 19, representing a ray of white light entering a 
triangular prism, at the surface of which the paths of 
the rays become different according to the degree of 
their refrangibility, whence they emerge separately, 
forming a spectrum at t? r ; the most refrangible violet 
rays {v) being most refracted, the less refrangible red 
(r) least so, the intermediate rays being refracted to 
intermediate degrees according to their respective re- 
frangibilities. This separation of the coloured rays 
is called dispersion; and as different substances or 
media disperse the coloured rays over a larger or 
smaller space, so as to produce spectra of different 
lengths, they are said to possess different dispersive 
powers. Thus the dispersive power of flint glass and 
balsam are about equal, while that of crown glass is 
considerably less. 

The extent to which dispersion is produced by the 
same medium also depends upon the angle of the 
prism, being greater as the angle is larger; increased 
obliquity of the incident light also increases the dis- 
persion, so that the spectrum produced by a small 
prism may be equal to that produced by a larger one 
upon which the light is less obliquely incident. 

In consequence of the dispersion of light, rays pass- 

q3 



I 



174 OPTICA!, FBINC1FLE8. 

ing through a convex lens do not meet at a rangle 
point or focus (PI. XIT. fig. 20), but form as many 
foci as there are coloured rays. 

Wlien the spectrum is received upon a. convex lens, 
the coloured rays are brought to a focus, and the light 
appears again white ; for it is only when the primary- 
coloured rays are parallel, and seen close together, 
that they produce the impression of white or colour- 
less light. The spectra produced by diiferent disper- 
sive media not only diflfer in length, but also in the 
breadth of the coloured spaces not being in the same 
ratio to each other ; hence the spectra are said to he 
irrationnl, or the dispersion is said to be irrational. 

Vision. — The lisibihty of an object depends upon 
the rays of light which emanate from each point of 
its surface presented to the eye being brought to a 
focus upon the ret'ina or expansion of the nerve of 
sight lining the inside of the back of the eye ; so that, 
an image of each point being impressed upon the re- 
tina, the sum of the images forms the compound 
image of the entire object. 

The manner in which the image is formed is 
shown in PI. XII. fig. 21, in which, to prevent con- 
fusion, the rays coming from three points of the arrow 
only have been represented. The rays diverging from 
these three points, ab c, form cones in contact by 
their bases ; the apex of each cone outside the eye 
being situated at the points a be, the common base 
of each being situated at the crystalline lens x, im- 
mediately behind the pupil or rounded aperture in 
the coloured curtain of the eye, called the iris, t i, and 
which limits the base of the cones. The apices of the 
cones within the eye, a'^c', are formed by the rays 
brought to foci upon the retina by the crystalline lens. 
The marginal cones of rays coming from the object 
cross within the eye, so that the uppermost rays from 
the object become lowermost upon the retina, and thus 
». inverted image of the object is formed. This ap- 
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pears to tlie eye to be erect, because the eye or rather 
the mind judges the parts of an object to be situated 
in that direction in which the rays coming from them 
are impressed upon it. Hence, as in fig. 21, the rays 
impressed upon the retina at the lower part a', appear 
to come from the upper part of the cross, although 
they are lowermost in the image, and so on for the 
other rays. For distinct vision the rays of each cone 
must be parallel, or nearly so. ^ 

Angle of Vision, — The margiaal rays coming from 
the object cross at a point corresponding to the centre 
of the pupil, and thus form an angle, as seen in fig. 22, 
where the cones are omitted, to avoid confusion ; this 
angle is the angle of vision. Now the size which ob- 
lects appear to possess is measured by this ansle, or 
by the linear magnitude of their im^es {i. e their 
size estimated in one direction, as of length or breadth) 
upon the retina. When the object is distant, the an- 
gle and its linear magnitude are small, and it appears 
small and distant ; whilst if it be large, or if small 
and brought near the eye, the reverse will be the case. 

Magnification, — Hence an object may be made to 
appear larger, or may be magnified, by increasing the 
linear magnitude of its image upon the retina, which 
can%e done by bringing it nearer the eye, as shown 
in fig. 22, where the image of b formed at V is larger 
than the image of a formed at a'. But when an object 
is brought nearer the eye than about 8 or 10 inches 
(for the distance varies with different persons), its 
image becomes indistinct and misty ; and this because 
the rays composing the cones are too divergent to 
meet at a focus upon the retina, as shown in fig. 23. 
By interposing a convex lens, however, between the 
eye and the object, the too divergent rays may be 
made to meet at a focus upon the retina, as in fig. 24^ 
the object at the same time being rendered apparently 
larger or magnified, from the reacting action of the 
lens upon the cones. 
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Aplavlatism (a, not, TrXavoo), to wander). — ^The ef-. 
feet of spherical aberration in rendering the image of 
an object seen through a lens indistinct and misty may 
now be intelligible. In order that such image may 
be distinct^ the rays emanating from each point df 
the object must converge at one spot upon the retina. 
But since, when spherical aberration exists, the mar- 
ginal rays are more refracted than the central ones, 
they will meet at foci before those formed by the lat- 
ter ; and when ^he foci of one set are coincident with 
the retina, so that the image would otherwise be di- 
stinct, the latter is rendered conAised and indistinct 
by the rays of the other set. 

In this consideration, we imply that there are only 
two sets of rays, the central and the marginal ; but 
the central and marginal rays are not separate, for 
the rays possess every intermediate degree of obliquity, 
hence the foci and images are really innumerable. 

Now there are evidently two methods of destroying 
or correcting spherical aberration, viz. by excluding 
the marginal rays, or by altering their direction. 

The exclusion of the marginal rays is often adopted ; 
and is effected by means of a diaphragm, or stop as 
it is called. This consists of a plate of metal, with a 
round aperture in the middle, and it is placed behind 
the lens ; but it has the serious defect of diminishing 
considerably the amount of light transmitted. 

The alteration of the direction of the marginal rays 
is produced by refraction, a thin plano-concave lens 
being placed in front of the convex one (PI. XII. 
fig. 25) . The doubly convex lens is composed of crown 
glass, and the concave lens of flint glass, which has a 
higher refractive and dispersive power than crown 
glass. In this way we get a compound lens, which, 
if the two lenses had the same refractive power, would 
simply amount to a plano-concave lens with the mar- 
ginal portions removed. But as the concave lens 
consists of more highly refracting material than th^ 
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convex, if the curve and thickness of the two lenses 
be properly adapted, the marginal portions of the con- 
cave correct the too great convergence of the mar- 
ginal rays produced by the convex lens, and so the 
rays are brought to nearly the same focus. An idea 
of this action may be obtained from fig. 25, the dotted 
lines indicating the direction which the rays would 
take, if passing through the convex lens only. 

A lens in which the spherical aberration is cor- 
rected is said to be aplanatic. 

Achromatism. — Supposing the spherical aberration 
of a lens to be corrected, there still remains the 
chromatic aberration (p. 173) ; for although the cen- 
tral or mean coloured rays may meet at a focus, the 
other coloured rays belonging to the same compound 
or ordinary ray wiU meet at different foci, so that a 
series of coloured images of the object will be formed 
at different distances from the lens ; hence, at which- 
ever focus the object is viewed, it will appear coloured. 

Now the coloured primary rays can only be made 
to coincide in direction, so that the light parts of an 
object may appear white, by refraction. And the 
correction is produced by the same plano-concave 
lens as that which corrects the spherical aberration. 
But in this case the relative dispersive powers of the 
media composing the convex and the concave lenses 
form the point to be considered. K the dispersive 
power of the media of which the convex and concave 
lenses are composed were the same, the dispersive 
power of the convex lens would be in excess, and the 
coloured rays in each compound ray could not become 
parallel. But by forming the concave lens of a more 
highly dispersive medium, with a less proportional 
mean refraction than the convex, when the curves of 
the surfaces and the relative thickness of the lenses 
are properly adjusted, the dispersive action of the 
concave lens may be made equal to that of the con-» 
vex; and being exerted in the opposite direction, the 
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coloured rays will become parallel and meet at & 
aingie focus. 

This may be elucidated by considering the lenses 
as composed of prisms. Thus, let fig, 28 represent 
the compound lens, the two halves of the doubly 
convex lens acting as two triangidar prisms (fig. 19) 
with their bases opposed, converging the compound 
white rays w w, and dispersing the coloured elemen- 
tary rays, which would form spectra at ««. In the 
plano-concave lens the triangular prisms may be 
considered as placed with their apices towards e^ch 
other, and so would tend to disperse the coloured 
rays in the opposite direction, to form spectra at 1 1. 
Then, supposing the dispersions to be equal and in 
opposite directions, the coloured rays would become 
parallel and meet at a definite focus, the colour being 
destroyed. At the same time, the spherical action 
of the concave lens being opposite to that of the 
convex, the converging action of the latter will be 
diminished, so that the focus of the compound lens 
will be longer than that of the convex alone ; but as 
the dispersive power of the concave is greater rela- 
tively than that of the convex, the mean refraction is 
less altered than the refraction or dispersion of the 
separate coloured rays ; so that the concave wholly 
opposes or corrects the dispei-sion produced by the 
convex, while it only partially corrects its mean 
refraotion. 

A lens in which the chromatic and spherical aber- 
rations are corrected or destroyed is commonly called 
achromatic; although the term properly applies to 
the correction of the colour only. 

If in a compound lens the chromatic aberration is 
only partially corrected, so that the red rays still 
meet at a focus beyond the \'iolet, as in a simple 
uncorrected lens (fig, 20), the lens is said to be under- 
corrected, or the aberration to be positive ; while if 
the correcting action of the plano-concave lens be too 
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great, so that the violet ravs meet before the red, as 
in a simple concaye lens, the lens is said to be over- 
corrected, and the aberration is called negative. Al- 
though the positive chromatic aberration of the ex- 
treme rays passing through a convex lens may be 
corrected by the negative aberration of a concave 
lens, there still remains a certain amount of uncor- 
rected colour, arising from the irrationality of the 
spectra of the two refracting media. This evil cannot 
be overcome, and the remaining colour is said to 
arise from the secondary spectrum. 

The object-glasses of the microscope, consisting of 
the compound lenses, have their aberrations balanced 
to a considerable extent on the above principles — the 
lowest combination being under-corrected, while the 
upper combinations are over-corrected ; and, by suit- 
able adaptation of their distance from each other, 
further correction may be obtained, the aberration 
of the object-glass altogether being, however, over* 
corrected or negative. 

The eye-piece consists of two simple plano-convex 
lenses, the upper or eye-glass (fig. 27 e) having a 
shorter focus than the lower (/) or field-glass, and 
the two placed at the distance of half the sum of 
their focal lengths. The object-glass alone would 
form an enlarged and reversed image of the object 
within the body of the microscope, the cones of rays 
from each point of the object terminating at the 
larger arrows in the figure (fig. 27). But the rays 
meeting the field-glass are brought by it to a focus 
at the position of the smaller axrows, where they 
form a reduced image ; and, subsequently passing 
through the eye-glass, they are so altered in direc- 
tion as to enter the eye at a greater angle, and to 
present a magnified image of the object. 

The eye-piece produces several important efiects. 
The refection being produced by two less convex 
lenses instead of one of greater convexity, the sphe- 
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rical aberration is considerably reduced ; aad the con- 
vexities of the lenses in the cye-picce being situated 
in an opposite direction to that of those in the object- 
glasSj the spherical aberration of the former reverses 
and so neutralizes that of the latter. Also the under- 
correction of the field-glass compensates the over- 
correction of the object-glaas — the blue raya which 
are refracted more than the red by the field-glass, 
being thrown upon the eye-glass nearer its centre, 
where the refraction is less, and thus the coloured 
rays become parallel or nearly so on reaching the 
eye. Moreover the field-glass collects a larger num- 
ber of rays than the eye-glass could do alone, so that 
it enlarges the field and Increases ite brightness. 

In the best object-glasses the aberrations are so 
well balanced that the mere covering an object with 
thin glass is sufficient to disturb the balance and 
render very delicate markings either misty and co- 
loured or wholly invisible. The effect produced hy 
a plate of glass may be understood by reference to 
fig. 26, the rays being supposed to emanate trom the 
object at a ; and it is evident that the refraction of 
the glass BO alters the direction of the rays that they 
will fall upon the lower combination nearer the centre 
than if the cover were absent, and thus negative 
aberration is produced. In the best object-glasses, 
however, this aberration may almost entirely be re- 
moved, the lower combination being susceptible of 
approximation by a screw movement to the second or 
next above it, so that the ascending rays, being able 
to continue their oblique course through the increased 
distance between the object and the lower combina- 
tion, may fall upon the same portions of the latter 
that they did before the cover was applied. 

Polarization of Light. — In attempting to give a 
sketch of this curious and difficult subject, we must 
suppose the reader to be in possession of a natural cry- 

1 of calcareous spar, and either two Nicol's prisms 
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(forming the ordinary polariacope) or two plates of the 
mineral called tourmaliEe cut in the direction of the 
length or axis of the crystal. 

Hitherto we have considered raya of light falling 
upon transparent substances as simply refracted or 
reflected according to the ordinary laws of refraction 
or reflexion. We have now to notice some curious 
exceptions^ forming the basis of many interesting 
phenomena, especially in connexion with the micro- 
scope, in which these laws are more or less deviated 
from. If we place a plate of tourraaUne, cut as above 
directed, upon or beneath the stage of the microscope, 
the l^ht will pass through it, appearing tinged with 
the green or brown colour natural to the tourmaline ; 
but on laying another sHce upon the eye-piece, and 
turning the latter round or rotating it, the light will 
he transmitted in certain positions only, being par- 
tially or entirely arrested in others, ao that the field 
appears black. And, on careful examination, it will 
be noticed that the change from black to white 
occurs at each quarter of a rotation, being twice black 
and twice white in an entire rotation, the changes 
occurring alternately. The same phenomena may 
also he exhibited by substituting two Nicol'a prisms 
for the tourmalines. 

Again, if we take a natural crystal of calcareous 
spar, and paste upon one side of it a piece of black 
paper with a small hole in the middle, on holding the 
crystal to the light or over a piece of white paper, 
with the covered side next the light, two holes or two 
images of the hole will be seen ; and if the crystal 
without the paper be placed over some print, the print 
will appear double. Hence the light passing through 
the hole is twice or doubly refracted, one ray following 
the ordinary law of refraction, while the other follows 
a different law, being retarded and pursuing a longer 
course ; and so the two raya are called respectively 
the ordinary and extraordinary ray. And on viewing 
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these thi'ough a tourmaline or a Nicol's prism, ss in 
the experiment with the two tourmalines, the images 
will become alternately visible and invisible, just as 
was then the case with the entire mass of light. 

The light which has undergone this singular change 
is said to be polarized, because the rays appear to 
have acquired poles or eides. In the above experi- 
mentB the lower priam or tourmaline is called the 
polarizer, because it polarizes the light, and the upper 
is called the analyzer, because it analyzes or tests the 
light altered by the former. 

An idea of the cause of this change may be ob- 
tained by reference to the undulatory theory of light. 
Ordinary light consists of waves or undulations taking 
place in planes at right angles to each other, or in all 
planes; while in polarized light the undulations are 
all in one plane or in parallel planes. This may per- 
haps be understood by considering that books in a 
book-case are situated in parallel planes, the shelves 
being in planes at right angles to the former. And 
by imagining in polarizing substances the existence of i 
some structure acting like a grating, a notion can be 
obtained how the rays in the diiferent planes may be 
transmitted or intercepted. If the grating he so 
placed that the bars (representing the planes of polari- i 
zation) are perpendicular, the books can pass between 
them ; while if the grating be turned round a quarter 
^L of a circle, they will become transverse, and the books 

^^ cannot pass, while the shelves could do so. Carrying 

^B on this analogy, the tourmaline or Nicol's prism po- 

^1 larizes the light by transmitting only tbose rays whose 

^M undulations are in planes parallel to the bars ; while 

^P the analyzer allows these undulations to pass through 

^U it when the direction of the planes coincides with that 

^M of the bars, but interrupts them when their direction 

^M is at right angles to the bars. And it is evident that 

^M the planes of polarization of the ordinary and extra- 

^B ordinary rays are opposite, from the opposite action 

L — - 
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The power of doubly refracting and polarizing is 
ot possessed by all crystalline bodies, but only those 
Ibelonging to other than the cubic system; crystals 
Ijelonging to this system neither doubly refract nor 
^larize light. In all doubly refracting crystals there 
3ire one or more lines or directions in which the light 
is not doubly refracted. These are called the optic 
axes, and sometimes they coincide with the geometric 
axis of the crystals, at others they do not; and they 
may be regarded as positions or directions of equili- 
brium of certain molecular forces existing within the 
crystal, which, acting in opposition, neutralize each 
other. 

If light, polarized by the polarizer, be transmitted 
through thin doubly refracting crystals, and analyzed 
by the analyzer, splendid colours will become visible ; 
and on rotating separately either the polarizer or the 
analyzer, at each quarter rotation the colours wiH 
change, being complementary to those at first visible, 
or such as are requisite with the first to make white 
light. We have seen (fig. 19) that white light coib- 
sists of seven coloured rays, or of three . primajy 
colours — red, yellow, and blue, which, by superposi- 
tion, form the others ; and thus red is complementary 
to green, which consists of blue and yellow, the two 
sets of complementary colours appearing and vanish- 
ing as the light and darkness did when the crystals 
were not used. 

These colours are produced by interference. The 
compound rays of white light (fig. 80 1) passing through 
the polarizer {t) are all polarized in one plane; the 
crystal {d) depolarizes this light, i. e, doubly refracts 
and resolves it into two sets of rays polarized in planes 
at right angles to each other, forming the ordinary, o, 
and the extraordinary ray, e. Each of these two sets 
of rays is resolved by the analyzer (a) into two other 
sets, polarized in planes at right angles to each other ; 
so that in all there are four sets, two in one plane 

b2 
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and two in the other; and, the primary rays of the 
two Bets in each plane being in different stages or 
phases of undulation, in consequence of the retarda- 
tion of the extraordinary rays, the undulations of cer- 
tain coloured rays check and annihilate each other, 
while the remainder or complementary conspire and 
pursue their course, producing the appearance of 
colour, this effect being reversed at each quarter- 
reyolution of the analyzer. 

An idea of what is meant by phases of undulation 
may be obtained by reference to fig. 29, in which the 
undulations, a, b, are in similar states or phases, and 
BO conspire in action, while the wave c is in a different 
phase and half an undulation behind the others; 
hence it would check or interfere with either of the 
other waves (a, b), the etherial molecules of the two, 
which vibrate perpendicularly oi- at right angles to 
the direction of the wave, acting to the same extent 
and in opposite directions. 

In fig. 30 the analyzer is represented as composed 
of a natural crystal (rhomb) of calcareous spar, which 
transmits both sets of rays; but in the ordinary 
analyzer or Nieol's prism — which is made by dividing 
a rhomb through the obtuse angles into two wedge- 
shaped pieces and cementing them together again 
with balsam, only one set of rays is transmitted at 
each quarter-revolution, the other being refracted out 
of the field. In the case of the tourmaline, one of the I 
sets of rays is absorbed ; so that the tourmaline, like 1 
the Nieol's prism, is single-imaged. J 

Thus the colours produced by polarization are the i 
same as those of the spectrum, but separated in a ' 
different way, bath arising from the elementary co- ' 
loured rays of the compound white light. For while j 
the spectral rays are separated by dispersive refrac- || 
tion, the polarized coloured rays are separated by the 
interference and annihilation of some rays, the re- 
mainder passing on to produce the colours. 
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When the position of the depolarmng crystal is 
such that the plane of the polarized light coincides 
with the direction of the optic axis or axes^ the light 
is not doubly refracted nor polarized in certain parts ; 
hence these parts appear white if the plane of the 
polarizer and analyzer coincide, and black if they be 
crossed. A crystal cut at right angles to its optic 
axis, with its length directed towards the polarizer 
and analyzer, is in this position, and it exhibits alter- 
nately a black and white cross, with one or two sets 
of concentric rings of complementary colours at each 
quarter of a rotation. 

To prepare crystals for examination by polarized 
light, a little Epsom salt, nitre, or borax should be 
dissolved in water, a drop placed upon a slide, and 
dried at a gentle heat. The crystals should then be 
mounted in balsam, and viewed as transparent objects. 

To see the cross and rings, the crystals should 
be sawn or cut across transversely, the ends being 
polished on a strained piece of silk moistened with 
water, and the sections mounted in balsam. 

The property of doubly refracting and polarizing 
light is not confined to crystalline substances, being 
also possessed by many organic bodies, for the de- 
tails of which I must refer to the article Polariza- 
tion in the ' Micrographic Dictionary,' 
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Abdomen, 129. 
Aberration, chromatic, 

173. 
Aberration, spherical, 

172. 
Acaleph^e, 153. 
Acarus, 131. 
Aocumbent, 44. 
Achromatic, 178. 
Achromatic condenser, 

5. 
Achromatism, 177. 
Acioular, 24. 
Acotyledons, 43. 
Acrocarpi, .55. 
Acrostauigmus, 111. 
Actinocydus, 80. 
Actinophrys, 156. 
Adapter, 2. 
Adulteration, 23. 
-fficidium, 100. 
Agaricus, 97. 
Albumen, of seeds, 43. 

, of eggs, 113. 

Algffi, 64. 
Alyscum, 161. 
Amoeba, 155. 
Amphileptus, 162. 
Angiocarpi, 94. 
Angle of vision, 175. 
AnguiUula, 152. 
Angular, 23. 
ATnnriRl tissues, 113. 
Ankistrodesmus, 74. 
Annular yessels, 27. 
Annulus, of Ferns, 50. 

, of Fungi, 98. 

■ , of Mosses, 55. 

Anoplura, 135. 

Ant, 143. 

AntemuD, of Entomos- 

traca, 127. 
Antennaria, 111. 
Anthers, 37, 39. 
Antheridia, of Algss, 65. 
't of Ferns, 52. 



Antheridia, of Mosses, 

61. 
Anthophysa, 160. 
Antlia, 145. 
Apex, 37. 
Aphis, 146. 
Apiculate, 101. 
Aplanatic, 177. 
Aplanatism, 176. 
Apothecia, 92. 
Apple-pulp, 19. 
Apple, skin of, 41. 
Arachnida, 130. 
Arcella, 156. 
Archegonia, of Fems,52. 

, of Mosses, 62. 

Arcuate, 78. 
Areolae, 116. 
Areolar tissue, 116. 
Arrow-root, 23. 
Arteries, 114. 
Articulata, 127. 
Asci, of Fungi, 97. 

, of Lichens, 92. 

Asoomjcetes, 107. 
Ash, 25. 
Asper^us, 106. 
Aspidium, 50. 
Astasia, 160. 
Ataropos, 145. 
Bacterium, 86. 
Balsam, garden-, 25. 
— , Canada, 12. 
Bark, 36. 
Ba8idia,98. 
Bast, 26. 

BatraohospermesB, 72. 
Batraohospermum, 72. 
Beards of Oyster, 125. 
Bee, 143. 
Beetles, 146. 
Bermuda deposit, 81. 
Bipinnatifid, 50. 
Bivalve, 128. 
Blood, 114. 
, of Birdi, 119. 



Blood, of Fishes, 121. 

, of Beptiles, 120. 

Blood-corpuscles, 111. 
Blood-worm (Chirono 

mus), 143. 
Blue-bottle, 137. 
Blue mould, 106. 
Bone, of Birds, 119. 

, of Beptiles, 120. 

f of Mammals, 114. 

Bordered dots, 28. 
Bothrenohyma, 28. 
Botrytis, 105. 
Branchiae, 125. 
Bread, 23. 
Bryozoa, 125. 
Bryum, 59. 
Buds, 47. 
Bue, 145. 
Bufi's-eye, 6. 
Bunt, 102. 
ButterjOies, 144. 
Cabbage-butterfly, 145. 
Calicium, 94. 
Calyptra, 55. 
Calyx, 37. 
Calcareous, 66. 
Camera ludda, 18. 
Camp^lodiscus, 78. 
Canaliculi, 115. 
Cancelli, 114. 
Capillaries, 114. 
Capillary, 69. 
Carapace, 127. 
Caraway, 41. 
Carpels, 41. 
Carfcilafie, 115. 
Caterpillars, 145. 
Cell-contente, 21. 
Cell-formation, 29. 
Cells, 19. 
Cell-wall, 19. 
Cellular tissue, animal, 

116. 

tissue of plants, 20. 

Cement, 16. 
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Cephalotihorax, 130. 

Ceramiaceee, 69. 

Ceramidia, 66. 

Ceramium nodosum, 69. 

rubrum, 70. 

Cercomonas, 159. 

ChsDtomium, 110. 

Chsetophoraoese, 71. 

Chura,88. 

Cheese-mite, 131. 

Chelate, 131. 

Chickweed, 37. 

, seeds of, 42. 

Chilodon, 162. 

Chin of Insects, 147. 

Chironomus, 143. 

Chitine, 136. 

Chloride of calcium, 15. 

Chlorococcum, 87. 

Chlorophyll, 21. 

Chrysalis, 141. 

Chrysanthemum, 25. 

Cilia, 52, 157. 

Circulation in Plants, 
31. 

Cladonia, 93. 

Cladophora, 71. 

Classification, 164. 

Clayarini, 99. 

Clavate, 147. 

Closterium, 74. 

Coarse moyement, 2. 

Coocidia^ 69. 

Coccinella, 147. 

Cocconeis, 79. 

Cocoa-nut fibre, 26. 

Coelenterata, 153. 

Coleochsete, 72. 

Coleoptera, 146. 

Coleps, 163. 

CoUomia, seeds of, 42. 

Colpoda, 161. 

Columella, of Mosses, 
62. 

, of Mucor, 111. 

Complementary co- 
lours, 183. 

Compound animals, 126. 

Concentric, 114. 

Conceptacles, of AlgsB, 
65. 

uplicate, 44. 



Confenra bombydna^Tl. 

flocoosa, 71. 

Confenracese, 70. 
Confervoidese, 70. 
Conidia, 100. 
Conifene, 26. 
Coniomyoetes, 99. 
Conjugation, 73. 
Continuous, 103. 
CouyoItuIus, pollen of, 

39. 
Coral, 153. 
Corallina, 66. 
CorallinacesB, 66. 
Corallines, 66. 
Coremium, 106. 
CoroUa, 37. 
Coscinodiscus, 81. 
Cotton, 118. 
Cotton-plant, 33. 
Cotyledons, 43, 44. 
Covers, 6. 
Coxa, 139. 
Crenate, 50. 
Crocus, pollen-tubes of, 

40. 
Cruciferse, 44. 
Crustacea, 127. 
Crustaoeous, 91. 
Cryptogamic plants, 48. 

, sewis of, 43. 

Ctenoid, 121. 
Cucumber, 42. 
Culex, 141. 
Cuhn, 34. 
Cuneate, 79. 
Cup-moss, 93. 
CurculionidsB, 149. 
Cycloid, 121. 
Cyclops, 128. 
CVpris, 128. 
Dacrymyces, 99. 
Daphnia, 129. 
Dasya, 68. 
Day-flies, 145. 
Deal, 26. 
Delesseria, 69. 
Dematiei, 104. 
Desmidiaceae, 73. 
Diamond-beetles, 149. 
Diaphragm, 3. 
Diatoma, 78. | 



Diatomaoese, 75. 

, fossa, 82. 

, markings on, 81. 

, preparation of^82. 

Dichotomous, 67. 
Dicotyledons, leaT6B of, 

35. 

, seeds of, 43. ■ 

, stems of, 36. 

Dicranum, 57. 
Differentiation, 47. 
Dimidiate, 55. 
Dinobryina, 160.. 
Dinobryon, 160. 
Dioecious, 38. 
Dipping-tubes, 4. 
Diptera, 137. 
Dispersion, 178. 
Division, spontaneous, 

159. 
Dothidea, 108. 
Dragon-flies, 145. 
Drapamaldia, 71. 
Dry rot, 98. 
Ducts, 27. 
Dung-beetle, 132. 
Dytiscus, 148. 
Eocremocarpus, seeds of, 

42. 
Echinodermata, 153. 
Echinus, 153. 
Elbowed, 149. 
Elder, 25. 

Elements, T^getable, 19. 
Elytra, 147. 
Emarginate, 146. 
Embryo, 42. 
Embryo-sao, 46. 
Embryonal vesicles, 46k 
Enchel^s, 161. 
Encfstmg, 159. 
Endogenous, 29. 
Endogens, leaves of, 35. 
, seecis 01, q/x* 

, stems of, 44. 

Enteromorpha, 87. 
Entomostraca, 127. 
Entozoa, 151. 
Ephemera, 145. 
Epidermis, animal, 117. 

f ve^table, 31. 

EpithemiS) 77. 
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EqtiiBetum, 34. 
Srector, 5. 
Erjsiphe, 110. 
Ei^^lena, 160. 
Excipulam, 92. 
Excurrent, 57. 
Exogenous, 29. 
Exogens, leaves of, 35. 
— , seeds of, 43. 

, stems of, 35. 

Eye-pieces, 4, 179. 
I^es, compound, 138. 
Facets, 138. 
Favella, 70. 
Feathers, 119. 
Feathery, 127. 
Femur, 139. 
Ferns,. 49. 
, reproduction of, 

61. 
Fertilization, 45. 
Fibro-cellular tissue, 25. 
Fibro-yascular tissue, 

31. . 
Field, 7. 
Filament, 37. 

, flagelUform, 159. 

Fine movement, 2. 
Fish-crystals, 122. 
Flagelliform, 159. 
Flax, 26, 118. 
Flea, 136. 
Flooci, 103. 
FloridesB, 66. 
Floscularia, 151. 
Flowers, 37. 
Flustra, 126. 
Fly, 138. 
Fly-blows, 139. 
Focus, 171. 
Foot-jaws, 127. 
Foramen, 45. 
Foramina, 114. 
Foraminifera, 156. 
Forceps, 4. 
Forked veins, 50. 
Fovilla, 160. 
Fragilaria, 78. 
Fronds, 49. 
Fruit, 40. 
Frustules, 75. 
FuooidesB, 64. 



Fuens, 65. 
Fulcra, 110. 
Funaria,58. 
Fun^ 96. 
Fumoulus, 45. 
Fusiform, 110. 
Galls, 111. 
Gkunasus, 132. 
Gkisteromycetes, 99. 
Gemmation, 159. 
Gentles, 140. 
Geranium, leaf of, 21. 

, petals of, 20, 38. 

Germinate, 43. 
Gills, of Fungi, 97. 

, of Molfusca, 125. 

Glands, 40. 
Glandular, 31. 

tissue, 26. 

Glceocapsa, 88. 
Glumes, 37. 
Glycerine, 14. 
Gnats, 141. 
Gomphonema, 79. 
Gonidia, of Algse, 71. 

, of Lichens, 92. 

Gonium pectorale, 83. 

tranquillum, 84. 

Ghrape-Fungus, 105. 
Graphis, 94. 
Green fly, 146. 
Gristle, 115. 
Groundsel, 33. 
Guard-cells, 34. 
Gymnocarpi, 94. 
Gymnostomum, 56. 
Gyrosigma angulatum, 
80. 

attenuatum, 79. 

Hairs, 31. 

, animal, 117. 

Hart's-tongue Fern, 51. 
Harvest-bug, 132. 
Haversian canals, 114. 
Helvellacei, 107. 
Hemiptera, 145. 
Hemp, 26. 
Hermaphrodite, 38. 
Heteromita, 160. 
Hilum, 22. 
Hoop, 76, 
Humble Bee, 144. 



Hundred-legs, 133. 
Hyalotheca, 74. 
Hydnei, 99. 
Hydra, 153. 
Hymenium, 98. 
Hymenomycetes, 97. 
Hymenoptera, 143. 
Hyphomycetes, 103. 
Hypnea, 69. 
Hypnum, 60. 
Hysterium, 108. 
Illumination, 8. 
Imago, 141. 
Imbricate, 56. 
Incumbent, 44. 
Indusium, 51. 
Inflated, 110. 
Infusoria, 157. 
Injection, 116. 
Innovations, 55. 
Insects, 133. 
Intercellular passages, 

20. 
Intercellular spaces, 20. 
Iodine, 22. 
Isaria, 104. 
Jania, 67. 

Jaws, of Insects, 147. 
Joints, of Insects, 136. 
Jute, 26. 
Knife, 4. 
Labels, 17. 
Labial palpi, 134. 
Labium, 147. 
Labrum, 147. 
Lacunae, 115. 
Lady-bird, 147. 
Lanceolate, 78. 
Leaves, 31. 
Legs, of insects, 139. 
Lenses, 170. 
Lentil, 23. 
Lepidoptera, 144. 
Lepisma, 134. 
Liber, 26, 35. 
lice, 135. 
Lichens, 91. 
Lieberkuhn, 7. 
Light, 167. 
Lime, 25. 

Lips, of insects, 147. 
lirellas, 94. 
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lithobius, 133. 
Lithocystis, 67. 
live-boi, 4. 
London pride, anthers 

of, 39. 
Longitudinal, 30. 
Lunate, 147. 
Imigbya, 85. 
Magnification, 175. 
Magnifying power, 17. 
Mammalia, 113. 
Mandibles, of insects, 

147. 

, of Spiders, 130. 

Mantle, 123. 
Marrow, 114. 
Matrix, 91, 96. 
Maxillae, 147. 
Medium, 168. 
Medulla, 35. 
Medullary sheath, 35. 
Mclanosporeae, 64. 
Melobesia, 67. 
Melosira, 79. 
Membrane, 31. 
Membranipora, 126. 
Mentum, f47. 
Merulius, 98. 
Micrasterias, 74. 
Micropyle, of seeds, 46. 
Microscope, 1. 

, simple, 5. 

Midrib, 50. 

Mignonette, seeds of, 42. 
Mildew, 101. 
Mirror, 2, 3. 
Mitriform, 55. 
Mollusca, 122. 
Monadina, 159. 
Monas, 159. 
Moniliform, 31. 
Monocotyledons, leaves 

of, 35. 

, seeds of, 43. 

, stems of, 36. 

Monoecious, 38. 
Mosses, 54. 
Moths, 144. 
Mould of paste, 111. 
Moulds, 96. 
Mounting, 10. 
Month of insects, 147. 



Muoedines, 105. 
Mucor, 111. 
Muscles, 115. 
Mushroom, 97. 
Mustard and cress, 43. 

, cotyledons ofi 44. 

Mycelium, 96. 
Myriapoda, 133. 
Nacre, 123. 
NassuU, 162. 
Needles, mounted, 4. 
Nemaspora, 100. 
Nerves, of leaves, 31. 
Neuroptera, 145. 
Newt, 120. 

NicoVs prism, 6, 184. 
Nitella, 88. 
Nitzschia, 78. 
Nodding, 59. 
Nodule, 79. 
Nostoc, 86. 
Nucleolus, 21. 
Nucleus, 21. 
, of Infusoria, 159. 

, of ovule, 45. 

Oak-apple, 111. 

Oat, 23. 

Object-glasses, 2. 

Oblique, 30. 

Hght, 9. 

Obovate, 57. 

Obtuse, 50. 

Ocelli, of Spiders, 130. 

Oidium, 105. 

Opegrapha, 94. 

Operculum, 55. 

Optic axes, 183. 

Orange, rind of, 40. 

Organs, vegetable, 31. 

Oscillatoria automnalis, 
84. 

nigra, 85. 

Oscillatoriaceoe, 84. 

Ovary, of animals, 137. 

, of plants, 37, 40. 

Ovate, 56. 

Ovigerous vesicles, 154. 

Ovisacs, 154. 

Ovules, 45. 

Ovum, 113. 

Oiytricha, 161. 

Oyster-shell, 123. 



Paleae, a7. 
Pahnella, 88. 
Palmellacese, 87. 
Palpi, of insects, 147. 
Papilla, 39. 
Papillte, of skin, 116. 
Papillose, 39. 
Paramecium, 161. 
Paraphyses, 61. 
Parenchyma, 20. 
Parmelia, 91. 
Pear, 29. 
Pearls, 123. 
Pectinate, 69. 
Pediastrum, 74. 
Pedicels, 103. 
Pencil, 128. 
Penicillium, 106. 
Perianth, 37. 
Pericarp, 40. 
Perichsetial, 60. 
Peridiola, 110. 
Peridium, 99, 100. 
Perigonial, 61. 
Perispore, 65. 
Peristome, 55. 
Peritheciiun, 107. 
Petals, 37, 38. 
Peziza, 107. 
Phases, 184. 
Phragmidium, 101. 
Physarum, 99. 
Physomycetes, 110. 
Pigment, 117. 
Pileus, 97. 
Pinnse, 51. 
Pinnate, 51. 
Pinnatifid, 50. 
Pinnularia, 79. 
Pinnules, 51. 
Pistil, 37. 
Placenta, 45. 
Pleurenchyma, 26. 
Pleurocarpi, 55. 
Pleurosigma, 79. 
Plocamium, 69. 
Plumose, 127. 
Plum-stone, 29. 
Plumule, 43. 
Podetia, 93. 
Podophrya, 162. 
Podura, 134. 
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Polariflcope, 6. 
Polarization of light, 

180. 
Pollen, 37. 
Pollen-granules, 39. 
Pollen-tubes, 40. 
Polycystina, 156. 
Polypi, 153. 
Polypidom, 125. 
Poljrpodiaceae, 60. 
Polypodium, 60. 
Polyporei, 99. 
Polysiphonia, 68. 
Polytnchum, 58. 
Polyzoa, 126. 
Polyzoary, 126. 
Poppy, seeds of, 42. 
Pore, 109. 
Pores, in wood, 28. 
Porous cells, 25. 
Potato, 22. 
Potato-fungus, 105. 
Primine, 45. 
Primordial utricle, 21. 
Primrose, pollen of, 39. 
Prismatic, 24. 
Proboscis, 1^. 
Prolegs, 145. 
Prosenchjrma, 25. 
Prothallium, 51. 
Protoplasm, 21. 
Protozoa, 165. 
Pterodina, 151. 
Puccinia, 101. 
PuflP-balls, 99. 
Pulex, 135. 
PulYilli, 139. 
Puncta, 79. 
Pupa, 141. 
Quadrate, 147. 
Bacodium, 111. 
Badiata, 153. 
Badicle, 43. 
Bamenta, 49. 
Baphides, 24. 
Beceptacles, of Algae, 

65. 

f of secretion, 40. 

Bed Spider, 132. 
Beflexion, 169. 
Befraction, 168. 
Beindeer moss, 93. 



Beproductive organs,48. 
Beptil.es, 120. 
Besting spores, 83. 
Beticulated, 54, 129. 

vessel, 27. 

Bhabdonema, 80. 
Bhinotrichum, 107. 
Bhizome, 49. 
Bhizopoda, 155. 
BhodomelacesD, 67. 
BhodospermesB, 66. 
Bhodymeniaceae, 69. 
Bhubarb, 25. 
Bice, 23. 

Bichmoud earth, 82. 
Bings, annual, 36. 
Boe of fishes, 122. 
Bootlets, 36. 
Boots, 36. 
Bostrate, 56. 
Bostrum, 131. 
Botating disk, 6. 
Botation, 31. 
Botatoria, 149. 
Botifer, 150. 
Botifera, 149. 
Sacculi, ^tric, 158. 
San Mori deposit, 82. 
Sarcode, 155. 
Scalariform ducts, 49. 
Scales, of fishes, 121. 

, ofPodura, 134. 

, of insects, 144. 

Scar of seeds, 46. 
Scenedesmus, 74. 
Schizogonium, 86. 
Scolopendrium, 51. 
Sea-weeds, 64. 
Sections, 30. 
Secundine, 45. 
Seeds, 42. 
Selenite, 24. 
Sepals, 37. 
Septa, 99. 
Septate, 100. 
Serrate, 51. 
Sertularia, 154. 
Sessile, 54. 
Setaceous, 133. 
Setffi, 129. 

of Infusoria^ 158. 

Shell, 122. 



Side condenser, 6. 
Silk, 118. 

Simple microscope, 5. 
Sines, 168. 
Siphonaceae, 84. 
Skin, 116. 
Slides, 6. 
Smut, 102. 
Snapdragon, petals of, 

39. 
Snowberry, 42. 
Sori, of Ferns, 50. 
Spawn, of Fungi, 97. 
Spectrum, 173. 
Spermatia, 93. 
Spermatozoa,ofAlg8B,65. 

, of Ferns, 52. 

, of Fishes, 122. 

, of Mosses, 61. 

Spermogonia, of Fungi, 

101. 

, of Lichens, 92. 

Sphaeria, 109. 

fragiformis, 104. 

Sphagnum, 56. 
SpiciSa, 167. 
Spiders, 130. 
Spiderwort, 31. 
Spinnerets, 131. 
Spiracles, 134. 
Spiral cells, 25. 
Spral vessels, 27. 
Spirit-lamp, 5. 
Spirogyra, 72. 
SpiruHna, 85. 
Sponges, 166. 
Spongidffi, 166. 
Sporangium, of Ferns, 

54. 
Spores, 50. 
Sporocybe, 104. 
I^wrophylles, 69. 
Stage, 2. 
Stamens, 37. 
Starch, 22. 
Starfishes, 15a 
Stellate, 31. 
Stems, 36. 
Stentor, 163. 
Sterigmata, 98. 
Steropus, 146. 
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Stigma, 37. 
Stilbacei, 103. 
Sting, of Wasp, 144. 
Stinging-orgaiiB, 154. 
Stings, 33. 
Stipes, 76, 97. 
Stomata, 34. 
Stomo^nrs, 141. 
Striated, 33. 
Stroma, 108. 
Struma, 58. 
Style of plants, 37. 
Stylospores, 100. 
Suctorial, 135. 
Suture, 73, 76. 
Synedra, 78. 
SYnura,83. 
Tabellaria, 79. 
Tabular, 83. 
Tangential, 30. 
Tape-worm, 152. 
Tarsus, 139. 
Tentacles, 124, 153. 
Testa, 42. 
Tetraspores, 167. 
Thalamium, 92. 
Thallus, 91. 
Thecae, 50. 
Thorax, 129. 
Thread-worm, 152. 
Tibia, 139. 

Tissues, yegetable, 19. 
Toad-stools, 96. 
Tongue, of Mollusoa, 

1&. 
Tortula, 57. 
Torula, 100. 
Tourmaline, 181. 
Tous lea moiB, 24. 



Trabecule, 59. 
TrachesD, 134. 
Trachelomonas, 160. 
Tradescantia, 31. 
Transverse, 148. 

section, 30. 

Tremellini, 99. 
Trichothecium, 105. 
Triton, 120. 
Trochanter, 139. 
Trombidium, 132. 
Truffle, 108. 
Truncated, 27. 
Tuberacei, 108. 
Tubercularia, 103. 
Tuberculate, 101. 
Tubular cells, 25. 
Tufts, 26. 
Turnip-fly, 146. 
Turpentine, 27. 
Ulothrix, 86. 
Ulva, 87. 
UlyacesB, 86. 
Umbelliferse, 41. 
Uncorrected lens, 178. 
Uniseptate, 101. 
Uredo, 102. 
— - Candida, 102. 
caries, 102. 

linearis, 109. 

— - rubigo, 109. 
— segetum, 102. 
Yaginicola, 163. 
Yaginule, 62. 
Valve, 76. 
Vascular tissue, 27. 
Vaucheria, 84. 
Vegetable elements, 19. 
organs, 81. 



Veil, 98. 

Veins, of animals, 114. 

, of leaves, 31, 36. 

Velum, 98. 
Vertebra, 113. 
Vertebrata, 113. 
Vesicles, contractile, 159. 
— ' — , embryonal, 46. 
Vessels, 27. 
Vibrio spirillum, 85. 
Vision, 174. 
Vittae, of seeds, 40. 
Volva, 98. 
VolvocinesB, 83. 
Volvox, 83. 
Vorticella, 162. 
Wallflower, anthers of, 

39. 
Wasp, 143. 
Water-beetle, 148. 
Web, spider's, 131. 
Wheat, cotyledon of, 46. 
Wheat-flour, 23. 
Wheel-animalcules, 150. 
Whelk, 123. 
Wine-cellar Fungus, 1 1 1 . 
Winged seeds, &. 
Winter ova, 128. 
Wood-cells, 25. 
Wood-louse, 127. 
Woody fibre, 25. 

tissue, 25. 

Wool, 118. 
Xanthidia, 75. 
Yeast, 106. 
Zygnema, 72. 
Zygnemaceffi, 2. 
Zoospores, 71 
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